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CHEST ROENTGENOGRAPHIC STUDY OF EMPLOYEES 
IN A LARGE PHARMACEUTICAL PLANT 


W. G. C. MUNROE, M.D. 
POMONA, N. Y. 


T APPEARED likely that an appraisal of the chest roentgenograms taken on 

employees at a large pharmaceutical plant * during a_five-and-one-half-year 
period might be of value to the observer, the employees, and the medical profession. 
The total number of chest films taken was 20,823 for the period from Jan. 1, 1948, 
until July 1, 1953. The number of employees ranged between 2,088 in 1948 and 
4,393 in 1953, with a five-and-one-half-year total of 18,625 annual examinations, 
exclusive of temporary building contractors and their employees. It will be noted, 
therefore, that approximately 2,000 examinations were made either by request of 
the employee’s physician or at my request, exclusive of the routine examinations. 
An examination of the medical records was also made in order to correlate the x-ray 
readings with the clinical findings, type of work, suggestions made at time of reading, 
and ultimate outcome in each employee's case. As a result, it was found that the large 
majority of readings proved to be substantiated by the physical and laboratory find- 
ings. Many apparent pathological findings were not followed up because of severance 
of relations with the company by employees. This inactive file, consisting of about 
5,000 individual cards, was examined and all cases of proved pathology have been 
incorporated herein, but no attempt has been made to evaluate percentages. 

The various aids in diagnosis, besides roentgenographic procedures, were as fol- 
lows: (a) history; (b) physical examination by plant physicians; (c) laboratory 
studies, including skin tests for tuberculosis, histoplasmosis, coccidioidomycosis, and 
sarcoidosis, agglutination tests, and Wassermann tests; (d) sputum and gastric 
studies at the laboratory of Summit Park Sanatorium and other chest clinics; (¢) 
follow-up x-rays at the plant and elsewhere, and (/) surgical diagnoses at various 
clinics, including biopsies. 

An effort is made at the plant to examine each employee at yearly intervals or 
oftener ; this examination has included a 14 by 17 in. (35 by 43 cm.) chest roent- 
genogram, a physical examination, and certain laboratory studies, such as electro- 
cardiographic studies on all over 40 years of age. All applicants for employment are 
subjected to a preemployment chest x-ray which must be adjudged safe for the 
employee and the employer before acceptance. Accordingly, readings are made 
twice weekly, and the personnel office is then notified. 

The disposition recommendations of all cases were studied, and these included 
the various laboratory and physical tests deemed advisable. Rejection from employ- 


Assistant Physician, Summit Park Sanatorium; Medical Consultant to Lederle Labora- 
tories Division, American Cyanamid Company, Pearl River, N. Y. 
* Lederle Laboratories. 
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ment is considered advisable if the chest x-ray reveals suggestively active pulmonary 
disease, such as tuberculosis, pneumonia, or tumor, cardiac disease, or other obvious 
disability. The prospective employee is then required to furnish satisfactory evidence 
from his physician or a suitable clinic that employment is safe. In many cases, work 
of a less strenuous nature may be arranged in the plant. After employment, chest 
x-rays are ordered as frequently as seems necessary within the routine annual period, 
and in the case of persons with arrested or inactive tuberculosis sputum or gastric 
studies are required every six months for some years. Because of my sanatorium 
connection, this is easily arranged, either at our laboratory or at similar clinics else- 
where. Employees residing in Rockland County who have pulmonary lesions are 
referred to the Summit Park clinic through their physicians, and those who have 
been treated for tuberculosis or who show x-ray evidence of presumably healed 
lesions receive a double check at the clinic and at the plant every few months. All 
suggestive x-ray findings of another nature are referred to the employee’s physician 
by letter, as well as by personal interview of the employee, through the plant phy- 
sicians, It must be emphasized that, wherever feasible, employment is granted to 
partially disabled persons, but frequent check-up examinations are then requested. 
The various positive pathological findings are arranged under the following head- 
ings: 
A. Cardiac pathology 

. Abnormalities of the diaphragm 

’. Fractures and pathology of the spine and chest cage 

. Mediastinal pathology, exclusive of the heart 


<. Pathology of the lungs and pleura 


A. Cardiac hypertrophy was present in 60 cases and in 45 was apparently due to 


hypertension, In 12 cases it was thought to be caused by proved cardiac disease of 
other etiology. The aortic knob was enlarged or calcific in 26 persons without 
cardiac hypertrophy but with clinical hypertension in 20. In 29 of those with cardiac 
enlargement, the aortic knob was prominent or contained calcium; 26 of these per- 
sons had hypertension. Thus it would seem justified to assume that these roentgeno- 
graphic findings are at least suggestive of hypertension worthy of a regular follow-up 
examination. The pulmonary conus was prominent in four persons, two of whom 
proved to have clinical evidence of pulmonary stenosis and were under observation 
for such. Only one situs inversus was discovered in the series. In at least nine cases 
I read cardiac or aortic knob enlargement without clinical evidence of disease 
(Table 1). 

B. Abnormalities of the diaphragm proved to be due chiefly to herniations and 
numbered 10, 5 being proved by fluoroscopy and barium meal. The hemidiaphragm 
was paralyzed in three persons as a result of phrenic crush or section. There was 
noted bilateral elevation of the diaphragm in one man with suspected enlargement 
of the liver and spleen. He was referred to his physician, and leukemia was then 
diagnosed, 

C. Rib fractures numbered 26 and fractures of the clavicle 2. There were 
deformities of ribs due to resectional surgery in 6 persons, marked scoliosis of the 
spine in 12, and spinal arthritis in 3, including a case of Marie-Striimpell disease. 
These arthritic conditions did not exclude the employees from work. 
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TasBLe 1.—Cardiac 


OF EMPLOYEES 


Abnormalities 


X-Ray Findings 


Prominent aortic knob 
or cardiac enlarge- 


ment 


Prominent pulmonary 


conus 


Displacement of cardiac 


shadow 


Diagnosis 


Hypertensive or other 


cardiac disease 


2 had pulmonary sten- 


osis 


5 had previous artificial 


pneumothorax 
1 had situs inversus 


Right upper 


Bilateral hilar nodes..... 


Diagnosis 
1, neurofibroma 


Positive Pul- 


Clinical 


Finc 


77 8 


2 had 
cardiac 


monary 


lings Changes Remarks 


58 treated; 2 had cerebral 
accidents 


2 followed in cardiac 
clinie 


murmur 


2, substernal thyroid 


2, Boeck’s sarcoid 
3, undiagnosed 


1, Hodgkin's disease 
1, carcinoma 


0 E 5 had inactive tubereu- 
losis 


Asymptomatic 


Remarks 
Unproved 
Both had elevated B. M. R. 


Proved on biopsy, ete. 


Bronchoscopy, gastric lavages, 
and Mantoux tests negative; 
nodular enlargement disap- 
peared 

Surgical proof 

Surgieal proof 


Tasie 3.—Pathology of Lungs and Pleura 


X-Ray 
Findings 
Fibrosis or 
scattered 
nodulation 


Discrete 
nodules 


Exudative 
infiltrate 


Pneumo- 
thorax 


Emphysema- 
tous changes 


Pleural 
thickening 


Pleural 
effusion 


Foreign 
body 


Diagnosis 
Tuberculosis 
(a) Activity questionable 10 
(b) Inactive 31 
(c) Suspect 13 
(d) Active 5 
Boeek’s sarcoid 
Chronie asthma 
Silicosis 
Bronchiectasis 
Cardiac disease 


Recklinghausen’s disease 
Metastatic tumor 
Probable tuberculoma 
Undetermined 


Tuberculosis 
Bronchopneumonia 


Spontaneous 
‘Therapeutic 


Emphysema suspected 
Bleb formation 


Expanded pneumothorax 
Healed tuberculosis 
Undetermined 


Tuberculosis suspects 
Postoperative 
Pneumonia 


Lead shot 


none 


cn we 


ror 


Remarks 


8 working, with occasional positive gastrics 

By laboratory studies and history 

All referred to chest clinies through family 
physician 

Diagnosis on biopsy 

Proved clinically and by laboratory tests 

1 died of lung carcinoma 

1 had diagnosis of moniliasis with lobectomy 

All had cardiac enlargement 


Nodular shadow in chest wall 

Gastrie carcinoma 

All bad positive Mantoux and negative gastrics 
Serial x-rays showed no enlargement 


All referred to physician—active 
All referred to physician 


1 with emphysematous blebs 
Ineluded in tuberculous group 


1 Ineluded in spontaneous ‘pneumothorax group 


Included in tuberculous group 
Included in tuberculous group 
Negative tuberculin tests 


Included in tubereulous group 
Following rib or lung resection 
1 had positive Q fever agglutination 


1 had probable “second story syndrome” 


No. of 
Cases 
0 0 
TaBLe 2.—Mediastinal Pathology 
No. of 
5 
Total 
No. No. Ft 
82 59 
| 
2 
6 
4 
s 
| 
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D. Notable mediastinal abnormalities were not frequent. Three persons showed 
bilateral enlargement of mediastinal nodes, the cause for which was never found. 
Bronchoscopy, Mantoux tests, and gastric lavages were negative in these, and the 
enlargement receded within six months. All refused surgical exploration. The 
pathological diagnosis of other mediastinal enlargements was made surgically or, 
as in the case of two substernal thyroid enlargements, by clinical means (Table 2). 


I. The somewhat cumbersome Table 3 shows the chief pulmonary and pleural 
findings. A very thorough effort was made to rule out active tuberculosis because 
of the danger to the person himself as well as to other employees. This was done by 
various x-ray and laboratory studies. Thus nine persons with active tuberculosis 
were rejected on application for employment, and three more were found to have 
had relapses while working. Fifteen others were studied until satisfactory evidence 
of inactivity of pulmonary lesions was provided before employment. Three employees 
have been permitted to continue working, despite occasional positive sputum or 
gastric cultures, since their disease is otherwise stable and they take adequate pre- 
cautions. A total of 79 persons were classified as having active, inactive, or suspected 
pulmonary or pleural tuberculosis. The second largest group was composed of the 
pneumonias, chiefly bronchopneumonia ; one of these had a positive Q fever aggluti- 
nation test. Emphysematous changes were noted rather frequently, especially in the 
age group over 40, and these occasionally made limitation of physical activity advisa- 
ble. Peribronchial pulmonary changes associated with asthma, silicotic changes, 


bronchiectasis, and Boeck’s sarcoid were interesting but not unusually frequent. In 


one bronchiectatic case a lobectomy proved the cause to be moniliasis. It was some- 
what surprising to me that pulmonary carcinoma was found in only two persons and 
that in one the tumor was metastatic. Lung resection or lymph node biopsy was not 
performed in cases of nodular shadows, however, either because the employee had 
leit the company or because it was not deemed necessary. The two cases of sarcoid- 
osis have also been included in the group of mediastinal tumors, since the primary 
roentgenographic changes were noted in the mediastinal nodes. 


COMMENT 

The value of routine chest roentgenographic study, in this case at yearly intervals, 
in conjunction with physical examinations, seems apparent. I feel that such exami- 
nations aid both physician and patient, since the medical department of the plant has 
in each case attempted to notify the patient’s physician of findings deemed by me 
to require further study and treatment. The present policy of rejecting applicants for 
employment because of suggestive chest findings does not exclude later acceptance. 
Many valuable scientists and other employees would be lost to the company were 
inactive tuberculosis cases and others rejected indefinitely. Once such a person is 
employed, however, | feel that there should be adequate follow-up examinations to 
protect the employee as well as his fellow workers. A sincere attempt is made to 
cooperate with the practicing physicians and various clinics in this respect, and, 
should reactivation of disease occur, immediate reports are sent to those involved. 
As an added precaution, it has been the policy of the plant to x-ray at three-month 
intervals all those exposed to the tubercle bacilli in tuberculosis research. None of 
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these has shown evidence of an active tuberculous pulmonary infection in the past 
five years, but only those with positive tuberculin tests are permitted to work in this 
department. ‘ 

The advantage of early detection of pneumonia, tumor, pleurisy, fracture, and 
spontaneous pneumothorax is obvious. All cases discovered were immediately 
referred to their physicians for treatment and were later followed closely on return 
to work. Likewise, gradually increasing cardiac size should be valuable information 
to the employee’s physician. 

Since I feel that more accurate detection and evaluation of shadows in chest 
x-rays is possible with the larger films and storage space is no problem at present, 
it was decided to continue the present policy rather than resort to the various types 
of smaller films. The frequent use of the lordotic, oblique, and lateral positions, as 
well as Bucky exposures, has been of great value. Tomograms are obtained when 
necessary. 

SUMMARY 


A survey of a large group of 20,823 chest x-rays taken during the five-and-one- 
half-year period up to July, 1953, at a large pharmaceutical plant is presented. 

Routine yearly physical examinations and chest x-rays of employees, as well as 
preemployment examinations, are incorporated in the policy of the plant. If advisa- 
ble, more frequent laboratory tests and x-rays are requested by the medical depart- 
ment, 

Close cooperation exists between this department, the employee, and in most 
cases the family physician. In my specialty of chest diseases, | have the advice and 


help of a nearby chest clinic, with excellent laboratory and consultant facilities. 
The more acute x-ray changes suggest the need for immediate reports to the 
physician, and facilities should be offered for follow-up studies after treatment. 
Tabulations and a brief discussion of the most notable abnormal findings are 
included in this paper. 


Assistance with this survey was rendered by the regular plant physicians, Drs. M. J. 
Moses and James Harney, Miss O. Scales, Mrs. M. Singer, the nursing staff, the office staff, 
and Dr. R. L. Yeager, Medical Director, Summit Park Sanatorium. 
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OZONE TOXICITY 
A Review of the Literature Through 1953 


HERBERT E. STOKINGER, Ph.D. 
CINCINNATI 


ANY REPORTS on the biologic effects of ozone have been published since 

the initial experiments in 1857 reported by Dewar and MacKendrick, and 
even more discussion has been given to the subject of ozone in relation to its 
deodorizing, antimicrobial, and vainly-sought-for therapeutic properties. Recently 
two rather extensive reviews on ozone have appeared, one by Thorp’ and the other 
by Weaver.? Both these reviews included attempts to interpret the physiologic 
effects of ozone, but they appeared to approach the appraisal from opposite view- 
points. The former attempted to demonstrate the lack of toxicity of ozone, claiming 
that any untoward effects were due to oxides of nitrogen or possibly other extra- 
neous gases; the latter adduced considerable evidence purporting to demonstrate 
the definitely harmful effects of ozone at low concentrations but ignored the point 
raised by Thorp that the effects may be due to substances other than ozone. An 
examination of the source material used for the preparation of these reviews shows 
few references employed in common by the authors. 

An approximate breakdown of the bibliographic references of each review is 
given in Table 1 according to major subject and the period included but omitting 
classifications unrelated to the present review. The table appears to indicate a selec- 
tion of information in support of a point of view rather than a critical evaluation of 
all the facts. Although the title and subject matter of Thorp’s review is the toxicity 
of ozone, the toxicity references represent a very minor number (5%) of the total 
references in the review and do not represent a fair average of the total number of 
published toxicity reports, which number approximately 20; the coverage of the 
second review is more nearly complete in this respect. 

The purpose of this review is accordingly to attempt to reevaluate research on 
the toxicity of ozone in greater detail to determine, if possible, wherein the difficulty 
lies in the opposing viewpoints and to present a clear picture of the current state 
of our knowledge on ozone toxicity so that lines for further investigation may be 
clearly defined. 

The review includes information on six aspects of ozone: 


1. Preparation and properties of ozone—to furnish sufficient background information to 


help form a judgment of the factors and problems involved in experimental work with this 
substance. 


2. Analytic procedures in common use. 
3. Toxicity and physiologic responses in animals. 
4. Physiologic effects in man. 


Chief Toxicologist, Division of Occupational Health, United States Department of Health, 
Education, and Welfare. 
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5. Limited presentation on the effects of ozone on micro-organisms and carbon monoxide, 
because attempts to control these agents incur an exposure to man. 


6. Sources of human exposures, with reference to reports of occupational illnesses. 


Finally, this review is concerned chiefly with the factual portions of scientific 
reports relating to ozone toxicity ; the conclusions derived therefrom for this review 
have been interpreted in the light of present information and may or may not be 
those of the original investigator. The views of the original investigator are always 
presented, however. 

PROPERTIES 


Ozone is recognized by a characteristic odor detectable in dilutions of air of 
certainly less than 0.1 ppm, possibly 0.02 to 0.05 ppm by volume, depending on 
individual acuity. At ordinary temperatures ozone possesses a blue color provided 
the gas is viewed through sufficient depth. The structure of the ozone molecule is 
that of an isosceles triangle, the central oxygen atom subtending an angle of about 
127 degrees. 


Tas_e 1.—Review Bibliographies Arranged According to Subject Matter 


Thorp * 


Weaver 

References, References, 

Subject Period No. 


Medical, therapeutic action 35 1930-1948 ea 
Ventilation, odor control 1913-1945 12 1911-1049 
Antimicrobial action 1921-1947 3 1890-1915 


Mammalian toxicity, physiology § 1913-1936 12 1857-1930 
Carbon 1910-1927 1 
Miscellaneous 6 


Ozone is condensable into a dark blue liquid at —112 C., in which state it is 
explosive, explosions being initiated by very small amounts of catalysts, organic 
matter, shocks, electric sparks, or even sudden changes in temperature and pressure. 
Ozone absorbs light strongly over a wide wave band from the infrared to the ultra- 
violet, possessing its maximal absorption at 2,537 A. and thus affording a possible 
physical means of determining ozone concentrations. 

Ozone is somewhat more soluble in water than is oxygen but at most dissolves 
to the extent of only a few milligrams per liter. Application of its solubility has been 
made, however, in adding ozone to ice for the preservation of perishable foods. The 
decomposition that usually occurs in water is increased considerably at higher tem- 
peratures as well as by increasing the hydroxyl ion concentration. Increasing the 
hydrogen ion concentration decreases the solubility of ozone, as does the presence 
of neutral salts. Many organic solvents dissolve several times the volume of ozone 
that dissolves in water; these are chiefly aliphatic acids and their hydrides, but 
chlorinated hydrocarbons also dissolve considerable amounts. 


Ozone is a powerful oxidizing agent, with a potential of —2.07 v at 25 C.; only 
fluorine is more electronegative. 


Instability even at ordinary temperatures is one of ozone’s most characteristic 
properties ; it is greatly accelerated by heat, decomposition being essentially instan- 
taneous at several hundred degrees (C.). The decomposition is catalyzed by a 
number of agents including moisture, certain heavy metals, such as platinum and 
silver. and certain metal oxides as well as nitrogen pentoxide and the halogens. 
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Light is also capable of decomposing ozone though rather slowly. Ozone attacks 
most metals, with the exception of gold or platinum. Stainless steel and aluminum 
are among the most resistant of common metals to ozone. In solution, ozone oxidizes 
many metals and nonmetals to the higher state of oxidation, such as chromous ion 
to chromate, nitrite ion to nitrate. The commonly used analytic method for ozone 
utilizes this principle in the oxidation of iodides to iodine. In most of these inorganic 
reactions only one atom of oxygen enters into the reaction, but in certain cases all 
three atoms are active, as with hydrogen iodide (but not potassium iodide) or with 
sulfur dioxide. 

Ozone is a similarly active oxidizing agent for many organic groupings. Among 
these are —SH, =S, =NH —NHb2, —OH (phenolic), C =C, and CHO. Ozono- 
lysis, whereby unsaturated carbon linkages add ozone with later cleavage by 
hydrolytic agents, formerly a laboratory method of identification, is now a commer- 
cially feasible method of preparing certain organic compounds. 


OCCURRENCE AND PREPARATION 

Ozone is found in the stratosphere, where it is formed by the action of ultra- 
violet light on oxygen, the amount varying with the latitude and season of the year. 
The atmospheric circulation tends to bring some of this ozone toward the surface 
to add to that produced by atmospheric electrical discharges. Ozone concentrations 
near the earth’s surface are normally very small, being of the order of from zero to a 
few hundredths parts per million. (Higher values reported in the past have now 
been shown to be due to faulty analytic methods.) The presence of even these small 
amounts of ozone, however, causes relatively rapid cracking in stretched natural 
rubber—a test that is used for ozone detection. 

Recently it has been shown by Haagen-Smit and his group that ozone undoubt- 
edly plays a dominant part in contributing to eye irritation, crop damage, haze, and 
odor of Los Angeles smogs (cf. Additional Bibliography, Air Polluticn). Ozone at 
levels near the ground, reaching values as high as 0.3 ppm, is conceived to be 
produced by a chain of photochemical dissociations catalyzed by nitrogen dioxide 
and involving unsaturated hydrocarbons and molecular oxygen. Both free ozone 
and ozonides and peroxides of unsaturated hydrocarbons formed from automobile 
exhaust gases are believed to be the chief offending agents. 

Ozone Generation.—Ozone is now commercially prepared most commonly by a 
brush or silent discharge between parallel insulated plates in air or in some cases 
in pure oxygen. Electrolytic methods have now been almost entirely superseded. 
When prepared from air, certain oxides of nitrogen in small quantity usually 
accompany the ozone, Descriptions of various ozonators are given by Hann and 
Manley,* with conditions for production, output, and economic aspects. Much atten- 
tion given to the possibilities of converting oxygen of the air to ozone as well as 
nitrogen to its oxides has resulted in a considerable amount of information on the 
conditions for preparation of ozone and the amounts of accompanying nitrogen 
oxides impurities.* The chief impurity in ozone prepared from air by the silent 
discharge is N2Os, with far smaller amounts of NOs, the amount depending on the 
rate of air flow, temperature of discharge, amount of sparking, and humidity. The 
greater the last three, the more the N2O5. In one study of the products developed 


* References 4 to 11. 
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from a corona discharge, N2Os varied from 0.005 to 0.007% by volume ; depending 
upon conditions * for each molecule of NO formed, 70 to 90 molecules of ozone devel- 
oped. NO is first formed.* NO also reacts with ozone in a very fast reaction to 
produce NO, and O,*; NO» combines quantitatively with ozone, producing NeOs, 
unless too high temperatures prevail. The mechanism proposed is NO, + O3 — 
NOs + + NOs N2Os.'° Obviously combinations of these gases and 
interactions result in a large number of possible nitrogen oxides under a variety 
of conditions. The conditions for these interactions, however, are usually such that 
the major product is N2O5. Small amounts of NO, NOs, and possibly NO are 
present, however, in ozone prepared from air. The molecular ratio of nitrogen 
pentoxide to ozone under typical conditions of operation of Welsbach ozonizers 
is claimed to be in the range of from 1: 100 to 2: 100; with moist air the proportion 
of the pentoxide may be higher, combining with water vapor to form nitric acid, 
which, in turn, is largely deposited on the inside of the ozonizer—one reason for 
drying the air prior to generation of ozone. Jones and Yant in 1922 reported ratios 
of oxides of nitrogen to ozone from their generators to vary from 1: 131 to 1: 111. 
More recently, Kaslow and Staynor obtained a ratio of about 5% N2Os to Os by 
volume when 2 to 3% ozone was prepared from air.'' Nitrogen dioxide has been 
found in these laboratories ¢ in small quantities, varying from 1% of the ozone 
generated at 25 ppm to as much as 10% at 1 ppm and less of. ozone, 

Another impurity of considerable interest that is formed with moist air or 
oxygen along with ozone is hydrogen peroxide. The amount, however, is claimed 
to be only a fraction of 1% of the ozone concentration usually. Similar to nitrogen 
pentoxide, hydrogen peroxide is deposited on solid surfaces. Both these substances 
inay be removed, if required, by scrubbing with water, whereby some ozone will be 


lost in the process. Relatively pure ozone can be made, however, by ozonizing pure 
dry oxygen. Whether other as yet unproved impurities, such as “nitrogen ozide,” 
as suggested by Fredrick,t ozonous (1120) or ozonic acid, oxozone (O,4), 
or others, are formed when ozone is prepared from air has yet to be investigated. 


Analysis —Although many methods for ozone determination involving various 
dyes, catalytic oxidation of aldehydes, etec., have been used, the method most com- 
monly employed is that involving the oxidation of iodide to iodine, for which the 
sample is collected in alkaline potassium iodide solution, acidified with phosphoric 
acid, and the resulting iodine color is measured at 352 mp.§ This method has the 
advantage of avoiding the use of starch, which is of variable reactivity, and titration 
with very dilute thiosulfate, which is unstable. 

A number of workers at times have reported using photometric methods, inas- 
much as ozone absorbs strongly at various wave lengths in the ultraviolet, one 
particularly strong absorption being at 2,537 A. Measurements by photometric 
procedures, however, are claimed to present numerous technical difficulties. It is 
possible, however, to adapt the common mercury-vapor detector || and by suitable 

+ Toxicity Laboratories, Division of Occupational Health, U. S. Department of Health, 
Education, and Welfare, Cincinnati: Unpublished data. 

t Fredrick, W. G.: Personal communication to C. E. Thorp, Armour Research Founda- 
tion of Illinois Institute of Technology, June, 1941. 

§ Smith, R. G., and Diamond, P.: Determination of Ozone, read before the American 
Industrial Hygiene Association, Los Angeles, April 24, 1953 

|| Made by General Electric Co. 
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calibration with the iodine method to record continuous readings of ozone concen- 
tration from 0.5 to 5 ppm with an accuracy of at least 0.5 ppm.{/ Obviously the 
sampled air must be free of substances absorbing in the same region as Oz. 


TOXICITY 


Most publications on ozone since 1940 refer to the voluminous literature on the 
toxicity of ozone. On inspection, however, many of these references deal with bac- 
tericidal or fungicidal action of ozone or refer to odor control in relation to its 
toxicity, its potentialities in ventilation, or even its supposed possibilities in surgery 
and therapy, and only scattered reports are to be found on the toxicity of ozone for 
animals or man. Most of these reports on mammalian toxicity appeared before the 
end of the second decade of 1900. Indeed, no experimental toxicity studies of ozone 
of consequence on animals have been reported since 1930. Moreover, further 
scrutiny of the older reports reveals many details lacking on the precise method of 
generating and measuring ozone, conditions of exposure, types and age of animals, 
etc, Often the ozone concentration was not measured, or, if measured, analytic 
procedures were used that may be seriously questioned today. It is obvious that 
studies failing in these important aspects or lacking in essential details can provide 
at best only approximate information and require the most careful examination. 
Often few animals were tested; experiments frequently involved but one or two 
animals. 

In 1941, however, a new aspect was injected into the ozone toxicity picture by 
the report of Thorp that nitrogen oxides profoundly influenced the toxicity of ozone 
and that ozone alone was relatively harmless up to comparatively high concentrations 
(20 ppm by weight). It was suggested also that the entire question of ozone toxicity 
be reinvestigated. The experimental basis for this view, however, was a limited 
amount of study of the effects of ozone on a bacterium, a mold, and small animals. 
In order to demonstrate these differences, however, Thorp used a generator whose 
products contained nitrogen oxides and ozone in a ratio of 47 to 53. This report 
brought prompt reply from Ewell (1941), who pointed out that such a high pro- 
portion of nitrogen oxides was not usually produced during ozone generation, and 
this author cited reports of several workers to support his contention. Thorp main- 
tained his point of view, however, in his latest review of ozone toxicity (1950). 
The possibility that nitrogen oxides might affect the toxicity of ozone, however, 
had been given consideration as early as 1912 by Hill and Flack, who developed an 
ozonizer to produce what they considered “pure” ozone. Moreover, some of the 
older reports indicated that earlier experimenters took pains to generate ozone with 
a minimum of nitrogen oxides; indeed, much of the ozone in the early work was 
produced by electrolysis (Binz [1882] and others), a method which is essentially 
free of nitrogen oxides. This electrolytically generated ozone possessed toxic prop- 
erties commonly ascribed to ozone. 

Weaver, in a later review of ozone toxicity (1951), arrived at the commonly 
held conclusion that ozone is a pulmonary irritant at levels well below those con- 
sidered safe by Thorp, although this reviewer, unfortunately, failed to consider the 
nitrogen oxide problem raised by Thorp. 


{ Toxicity Laboratories, Division of Occupational Health, U. S. Department of Health, 
Education, and Welfare, Cincinnati: Unpublished data. 
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Such is the present state of controversy on the toxicity of ozone. It is hoped that 
this review may help to clarify some of the points of discord and suggest at least 
certain lines of investigation that will throw more light on this controversial 
question. | 

Detailed Review of Ozone Toxicity Reports—Acute Effects in Animals: The 
first published record of animal response to ozone inhalation appeared as part of a 
report on the chemistry of ozone by Andrews,’ the fifth of a series, in which he 
quotes a communication from Redfern’s laboratory in Belfast, Northern Ireland, 
relating the general results of approximately 40 experiments by Dewar and Mac- 
Kendrick on the action of ozone and oxygen on animals, performed from May to 
September, 1857. This note stated that the inhalation of oxygen containing 1/240th 
part of ozone (ca. 4,000 ppm) was lethal in a very short time to animals. (No 
mention of types of animals exposed, methods of analysis, or preparation of ozone 
was made.) The same gaseous mixture was demonstrated to be harmless after it had 
been led over manganese peroxide to absorb the ozone. It was reported that inhala- 
tion for 30 minutes killed small animals when exposed to the ozone and a few died 
after a 15-minute exposure. Death was shown not to occur from injury to the upper 
respiratory tract, because death occurred when the ozone was introduced directly 
into the trachea; ozone was considered to exert its lethal action by “extreme com- 
pression of the lungs with emphysema and distortion of the right side of the heart 
often with coagulated blood followed by convulsions.” If ozone was inhaled in dilute 
form, however, the animals were reported to become somnolent, which condition 
progressed to coma, with eventual death. Ozone was reported to decrease respiration 
and the strength of the pulse. Body temperature decreased from 3 to 5 degrees C. 

Signs and Symptoms in Man; Other investigators, including Thenard (1876) 
and Fillipow (1885), also found ozone capable of producing rapid physiologic 
responses upon inhalation. Consistent with the finding of the sedative or hypnotic 
effect of ozone in animals just mentioned, Binz'* found similar effects in man, 
Using an electrolytic cell with a Grove element # for the production of ozone, he 
subjected persons in a sitting position to the inhalation of ozone for short periods 
(approximately 30 minutes) and recorded their subjective and objective signs and 
symptoms. In all, 12 persons were given 43 exposures to demonstrate the action of 
ozone on the central nervous system: 3 reacted by falling asleep or into semisleep; 
5 more reacted with depression and 1 with evidences of neuromuscular stimulation 
in the form of twitching of the muscles of forehead and cheek ; 3 reacted not at all. 
The onset of the signs and symptoms was rapid, occurring within five to eight 
minutes. The difference in susceptibility among subjects indicated a wide range in 
response to ozone. No information on ozone concentrations was recorded. 

Chronic Effects in Animals: Schulz (1892) appears to have made the first test 
of the chronic effects of ozone on animals.'* Rabbits, cats, and dogs exposed to 
ozone, prepared from air dried over calcium chloride, for from 15 to 45 minutes or 
so daily for from 6 to 27 days, a total of from 4- to 47-hours’ exposure, died of 
pulmonary edema and hemorrhage. Unfortunately, the only reported indication that 


# W. R. Grove cell (1839), originally used to produce NO2, may be converted to produce 
ozone from dilute sulfuric acid with a platinum-zinc element in place of the double cell of 
platinum and zinc, with nitric acid as medium. 
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ozone was present was its odor in the animals’ fur and a change of color of potas- 
sium iodide paper. The experiment appeared to indicate, however, that ozone is 
capable of killing animals of the larger species in repeated short, daily, and pre- 
sumably high, exposures. 

Physiologic Experiments: Information on the physiologic action of ozone was 
further extended in 1904 by Bohr and Maar,'* who, employing concentrations of 
ozone believed to be noninjurious to the lungs, demonstrated a diminished oxygen 
uptake. When the experiment was performed so that one hemithorax was exposed 
to ozone and the other to air, it was found that the one exposed to air compensated 
for the decreased oxygen uptake of the ozone-exposed side by an increased rate of 
uptake ; when the experiment was continued, however, the ventilation rate decreased 
in the part exposed to normal air. The carbon dioxide output also diminished, but 
its rate of diminution was not so great as that of oxygen, and so the respiratory 
quotient increased to values often greater than 1. The changes came on gradually, 
at times reaching a peak after cessation of inhalation of ozone. The effects were 
not changed by previous cutting of the vagus and sympathetic nerves. These results 
were confirmed subsequently by Hill and Flack.’® An important finding was that 
when blood of an ozone-breathing animal was transfused into another animal no 
signs of toxicity of the donor animal appeared in the receptor. From this it must be 
assumed, if the amount of transfusate was sufficient, that toxic effects of ozone are 
not carried by the blood or are at least not physiologically demonstrable by this 
means. 

Hill and Flack '® in 1912 not only confirmed many of the physiologic results 


obtained by Bohr and Maar but also determined the acute toxicity of ozone on a 
iarger variety of animal species and under better controlled conditions than had been 
previously reported, Unfortunately, although considerable attention and care were 


given to other details of the experiment, the ozone samples were reportedly collected 
in acidified potassium iodide, a procedure that is now known to yield low results, 
the amount of loss depending on the length of time of sampling.* 

Hill and Flack, however, paid considerable attention to the preparation of “pure” 
ozone and made first mention of care to prevent formation of nitrogen oxides. To 
this end they used an ozone generator that developed an electric discharge between 
parallel metal-insulated gauze plates. Animals were exposed in an airtight chamber 
to gas developed from this generator, which was alternately off and on for short 
periods. The acute responses of the different species are given in Table 2. It would 
appear that although severe pulmonary distress was caused by brief exposures to 
ozone most of the animals of five species were able to survive one to four hours of 
exposure to ozone concentrations between 2 and 40 ppm (presumably by volume ) 
and that whatever injury was sustained was temporary. Gross examination of the 
respiratory organs showed acute inflammation of the respiratory tract, often with 
hemorrhage and edema ; no other effects were found. From their alternate off-and-on 
method of operating the generator, it appears probable that the ozone concentrations 
may have been lower than reported. 

* The method of sampling with acidified potassium iodide used by these investigators and 
followed with minor modifications by later workers has been criticized by Olsen and Ulrich '7 
erroneously as giving too high results. 
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Hill and Flack also performed experiments on themselves from which they 
reported 2 to 3 ppm of ozone to be an irritating concentration within a short time, 
which subsequently was followed by headache and sense of oppression, Expired 
air failed to show the presence of any ozone. 

The effects of ozone on a number of different substances with pronounced odors 
were also investigated. 

In the year following the paper of Hill and Flack, another contribution to 
knowledge of the physiologic action of ozone was made by Jordan and Carlson * 
in addition to information supplied on the bactericidal and deodorizing actions of 
ozone. One of their chief physiologic contributions consisted in demonstrating that 
approximately three-fourths of the inhaled ozone was apparently destroyed in the 


TasL_e 2.—Kesponse to Os Exposure* 


Amount of Duration of 
Ozone, Exposure, 
ir. Results 
Died following night; lung showed 
pneumonia 
No ill effects 
No ill effeets 
Rats quiet, fur standing up; re- 
covered; cat killed next day; signs 
of lung Irritation 
all reeovered 
goats 3% Jerky breathing; soon recovered 
3% Dyspneic; one had snuffles; soon re- 
covered 
2% Dog’s breathing disordered; devel- 
oped cough and bad breathing 
one hour after; all eventually re- 
covered 
3 hr. 5 min. Depressed; breathing disordered; 
moist sounds; recovered 
Fur ruffled; recovered 
No permanent ill effects 
Died; pneumonie signs found after 
death 


Very disordered breathing; eventually 
recovered 


2 
1 
1 


* From Hill and Flack. 


upper respiratory tract. This was deduced from experiments performed on trache- 
otomized dogs and rabbits in which pulmonary irritation and edema developed 
approximately four times as fast (30 minutes) as in animals breathing the same 
concentration of ozone through the nose (two hours). These results corroborate in 
some measure those of Hill and Flack, who demonstrated no measurable amounts 
of ozone in expired air. 

Although ozone had been previously shown not to reach the blood in physio- 
logically demonstrable amounts, Jordan and Carlson showed that dogs exposed to 
ozone from 30 to 60 minutes manifested a slowed heart beat and a corresponding 
fall in carotid pressure; in one case they appeared to obtain a Cheyne-Stokes type 
of respiration that appeared 10 minutes after a 30-minute exposure to 10 ppm of 
ozone. The slowing of the heart was believed due to vagal action through stimulation 
of the medullary centers resulting from imereased carbon dioxide content of the 
blood ; recovery was thought to be due to the effects of increased carbon dioxide 
concentration. The authors believed that these changes, although not the most 
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important factors, accounted in part for the marked depression normally observed 
in animals breathing ozone; direct depression of the nervous system from stimu- 
lation of nerve endings in the respiratory tract and diminution of gaseous exchange 
in the lungs brought about by ozone was believed the main cause. 

Subacute Exposures: In a single study of subacute exposures of cats, rabbits, 
guinea pigs, and rats to concentrations of ozone that were probably less than 1 ppm 
at peak for nine hours per day for two weeks, no effects on body weights were 
observed by Jordan and Carlson, and except for signs of restlessness no other toxic 
signs were manifest. Unfortunately, no histologic examination of the lungs was 
made. Although their method of sampling ozone concentrations with acidified iodide 
leaves something to be desired by current analytic standards, their results were 
probably not too far out of line. For some reason, however, the authors concluded 
from the animal experiments that ozone was an acutely toxic agent. 

This and other conclusions on the deodorizing effects of ozone, as well as the 
method of analysis of Jordan and Carlson, brought severe criticism from Olsen and 
Ulrich.'? The results of animal studies certainly did not justify the conclusion that 
ozone was a toxic substance, but there is no reason to believe that the conclusions 
based on their physiologic work were in error. 

The work of a later investigator, Marek,'* reported in 1916, however, appeared 
to admit the conclusion that ozone was definitely a toxic substance. In these experi- 
ments rabbits were exposed three times daily for 15-minute periods to 50 mg. of 
Os per cubic meter of air ; body-weight data were given to show that lessened weight 
gains were obtained in many of the ozone-exposed animals, and in some cases weight 
losses were recorded, Unfortunately, the method of ozone preparation and its 
analysis were again not mentioned, 

Because no experiments had previously been performed on the effect of ozone 
inhalation on hemoglobin regeneration, Marek poisoned rabbits with daily oral doses 
of phenylhydrazine (5 ml, in 1% solution). This treatment resulted in a Sahli 
hemoglobin reading in 11 days of 19% from an original of 74.5%; inhalation of 
ozone produced a somewhat more rapid and higher hemoglobin reading than occurred 
in another group of animals breathing ordinary air. When alternate administration 
of phenylhydrazine and repeated short daily exposures to ozone were resorted to, 
however, ozone was not effective in regenerating normal amounts of blood hemo- 
globin. As a result of his experiments, Marek concluded ozone to be a definitely 
toxic substance. 

After this work, no additional reports on physiologic response of animals to 
ozone appeared until 1930. In the meantime, however, discussions bearing indirectly 
on the toxicity of ozone appeared in numerous publications stressing the possible 
application of ozone to ventilation because of its deodorizing properties (Table 1). 
Beginning in 1921, several reports appeared on the tests of the effectiveness of ozone 
against micro-organisms of various types, so-called “toxicity” tests, although some 
work in this field had been reported as early as 1890 (cf. Additional Bibliography). 

Chronic Toxicity: The first report on the test of ozone as a therapeutic agent in 
disease, appearing in 1930, actually provided the most extensive study of ozone 
toxicity that has ever been reported. It was also the last. Actively sponsored by 
Todd, who had been experimenting with oxygen in disease processes, large-scale 
continuous 24-hour daily exposures of guinea pigs to low concentrations of ozone 
were made in order to determine the effectiveness of ozone against experimental 
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tuberculosis infection in guinea pigs. The study was reported in a semitechnical 
form by McDonnell, as a presidential address before the Assoc‘ation of Official 
Agricultural Chemists, in 1930.*° 

Several cages, each containing 7 to 10 guinea pigs, were exposed to six levels 
of ozone, ranging from 0.5 to 0.1 ppm. Other groups were inoculated prior to 
exposure with Mycobacterium tuberculosis organisms. The air of the rooms in 
which the animals were caged was sampled twice daily for ozone. (The method of 
ozone preparation and analysis was not reported.) The ozone was passed through 
pipes containing iron “to remove irritant gases that gave pneumonia.” Exposures 
at 0.25 and 0.5 ppm of ozone, presumably by volume, produced appreciable mortality 
(3 of 10) at the end of 14 weeks. At this time all the infected animals had died, 
those infected and also inhaling ozone having died one to three weeks sooner. From 
exposures of animals at 0.5 to 0.3 ppm of ozone without infection, 1 and 2 of 10, 
respectively, died in 18 weeks, compared with | of 10 controls receiving no treat- 
ment. Mortality among animals exposed to 0.1 and 0.2 ppm of ozone and without 
infection was appreciably greater than that among controls, but exposures of from 
24 to 35 weeks were required before such effects were produced. Thus it may be 
reasonably concluded that ozone is lethal or predisposing to death of guinea pigs 
in continuous exposure at concentrations as low as 0.1 ppm; higher concentrations 
up to 0.5 ppm produced mortality more rapidly. All concentrations of ozone tested 
from 0.1 to 0.5 ppm hastened the death of guinea pigs infected with Mycobacterium 
tuberculosis. 

Effect of Nitrogen Oxides: No further reports on experimental toxicity of ozone 
appeared from 1930 until 1941, when Thorp introduced the concept, backed by a 
certain amount of experimental evidence, that the oxides of nitrogen materially 
altered the toxicity of ozone.*! The ozone was prepared, however, by a spark source 
in air and not the usual brush or silent discharge that is commonly used. Upon 
analysis, the effluent contained a ratio reported to be 53% ozone and 47% nitrogen 
oxides in addition to other impurities. The mixture was then compared with that 
of “pure ozone” in limited response tests on man, the field mouse, a bacterium 
(Escherichia coli), an alga, and weevils. In all tests, pure ozone was reported to 
produce effects only in far higher concentrations than ozone in mixture with 
nitrogen oxides. No ill effects were claimed from man breathing 20 ppm of pure 
ozone for four hours; with impure ozone, however, ill effects occurred. In mice, 
10 ppm of nitrogen oxide containing ozone produced death, whereas it required 
50 ppm of pure ozone to produce the same effect in the same period; similarly for 
bacteria and the other organisms, deaths of cultures were hastened by aeration with 
impure ozone. 

This report evoked immediate criticism from Ewell,** who attested that genera- 
tion of ozone with 47% nitrogen oxides was contrary to the findings of all authori- 
ties on ozone production and, whereas it was well known that it was possible to 
obtain considerable amounts of N2O; by sparking in moist air, ordinarily no such 
procedures are resorted to normally in ozone production. In evidence, Ewell quoted 
several German authorities among others who had investigated this aspect and 
showed that in producing ozone in amounts of 1,000 to several thousand parts per 
million the amounts of nitrogen oxides never attained values greater than a few 
tenths to a few hundredths of the ozone formed, depending upon temperature of 
generation and other factors. 
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Rk. D. Watson also criticized Thorp’s conclusion based on tests with micro- 
organisms ** and suggested that the impurities of ozone may have exerted their 
effects through production of an unfavorably high acidity and also reemphasized 
the unusua{ nature of the high nitrogen oxide content of the ozone. Reinvestigating 
Thorp’s claims, he found conversely that pure ozone was highly injurious to Esch. 
coli and fungi at concentrations well below those claimed ineffective by Thorp. 
Testing separately the various oxides of nitrogen on micro-organisms, he found that 
nitrous oxide (N,Q) did not alter spore germination, either alone or at 50 or 99.6% 
air concentrations or in combination with ozone. Nitrogen dioxide (NOz2g) was 
toxic, however, to fungal spores and effected reduced ozone concentration because 
of chemical interaction. Nitrogen pentoxide (N2O;) showed no effect on ozone 
activity and presumably was noninjurious to the test organisms. The Griess method 
was used for analysis of nitrite; interfering oxidizing substances were removed by 
evaporation. It is to be noted in connection with these experiments that N2O, and 
N20 are considered to be the chief oxides present in ozone that is generated in air. 
Thorp did not define them. 

In spite of these adverse criticisms and experimental evidence attempting to 
refute his contention, Thorp maintained his position in his latest review on ozone 
toxicity’ and adduced in addition a considerable amount of new evidence from 
various sources in further support of his position. Although the basis for his con- 
clusions (47% nitrogen oxides) appears to differ widely from concentrations of 
these oxides usually encountered, consideration for impurities in ozone affecting 
physiologic response should not be ignored. To make his contention more con- 
vincing, one could wish that he had demonstrated similar effects at lower concen- 
trations of impurities and had employed more extensive tests in evidence of such an 


important conclusion. To present the one study only at high oxide concentration 
from which the general conclusion is implied that all impure ozone is far more 
toxic than pure ozone is certainly overextending the evidence. 


There is one other basic question that requires further consideration, The method 
of ozone analysis used by Thorp was that of Briner and associates.** This method 
has been severely criticized by R. G. Smith, author of a recent analytic method, as 
being only approximate. Should this prove true, much of Thorp’s evidence rests on 
tenuous ground, It would have been of value also to have the analytic data in evi- 
dence of the types and amounts of nitrogen oxides. 

The Problem of Ozone Toxicity.—In attempting to reduce the problem to its 
simplest form in order to simplify evaluation and to outline possible further experi- 
mental attack on the problem, it seems to me that the issue is far more complex than 
has been implied. It includes (1) the basic problem of the toxicity of a substance, 
ozone, with disputed toxic potentialities; (2) a number of associated impurities, 
i. €., nitrogen oxides, of known toxicity, but of questionable identity and amount ; 
(3) the possible presence of other substances of unknown nature; (4) unknown 
toxic effects from varying amounts and combinations of the impurities mixed with 
ozone, and (5) the lack of analytic methods adequate to furnish reliable estimates 
of the amounts of various gases in combination at the low concentrations of impor- 
tance in the toxicity studies. 

It may be concluded therefore that the problem of ozone toxicity requires further 
careful investigation in the light of Thorp’s findings, with emphasis on more precise 
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and specific methods of air sampling and analysis and identification of all impurities 
and their amounts, with search for new substances. Strict comparisons should be 
made of the toxicity for several species of animals used in significant number of 
(a) ozone generated by silent. discharge in pure dry oxygen, (b) ozone similarly 
generated in ordinary air of known humidity, and, if indicated, (¢) pure ozone 
mixed in varying proportions with chemically identified impurities. 


HUMAN EXPOSURE AND SOURCES 


The chief sources of human exposure result in general from preparation and 


use of ozone. Other sources occur about high electrical energy of various types, near 


ultraviolet lamps, and near commercial ozonizers of various types developed for 
confined spaces. 

Among reports of the less obvious types of exposure about sources of electric 
discharge is an article by Truche,*° in 1951. This report describes the untoward 
effects that developed in the course of testing for defective porcelain insulators by 
high-frequency electric current. Regrettably, actual proof that the offending sub- 
stance was ozone is lacking because of inability to measure the ozone concentration. 
The rather detailed description of symptoms, however, fits rather well those gen- 
erally recorded for exposures to ozone, 

In the course of testing, the insulators were subjected, while in a tank whose 
bottom was covered with a little water, to an electric current that progressively 
rose from 0 to 125,000 volts. Effects on man, consisting of a sensation of constric- 
tion in the thoracic cage, difficulty on inspiration, laryngeal irritation, irritation of 
conjunctivae, with tears, etc., occurred often one to two hours after start of the 
work. These conditions generally stopped on exposure to fresh air, although in some 
cases the responses increased after the subjects lay down, preventing sleep, but in 
all cases they disappeared on the following day. The author suggests for work of 
this sort good ventilation and employment of men without pulmonary or cardiac 
difficulties, avoiding those who are heavy smokers. 

Another report on ozone exposure, by Wilska,** in Finland, appeared in the 
same year. This author described the physiologic responses to ozone generated in 
the vicinity of a spectrograph when a spark source was used. In this report, careful 
analytic work was performed on accurately sampled air volumes about the spectro- 
graph as well as on the air about an ultraviolet lamp (Hanovia type). The concen- 
tration of ozone in the vicinity of the spectrograph, determined iodometrically, was 
found to rise to 1 ppm in one hour; that near the ultraviolet lamp was found to be 
below the limit of measurement, 0.1 ppm. The personal responses to exposure to 
ozone consisted of a distinctly irritating effect on the respiratory system within 15 
minutes of the start of the sparking when the ventilation system was not in use. 
Similar symptoms appeared with the ventilation on but after longer exposure times, 
three to four hours. After two weeks of such exposure, distinct symptoms of chronic 
ozone poisoning were experienced, consisting of shortness of breath and continuous 
headache, indicating that ventilation was insufficient to eliminate all the noxious 
gases. The amount of ventilation, however, was not mentioned. It is felt that the 
ozone was probably formed by the ultraviolet radiation of the spark or are a com- 
paratively long distance from the electrodes, whence it could not be removed 
immediately by the ventilation system but was in the vicinity of the worker. The 
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author felt that the maximum allowable concentration value cited by Elkins for 
ozone, 0.2 ppm, was too high, as irritation was noticeable at this concentration, and 
he suggested a level of 0.05 to 0.1 ppm, at which ozone is just detectable by odor. 

Whether this is the response of a person highly susceptible to ozone can only 
be conjectured. Hill and Aeberley, in 1922, in testing their personal reactions to 
ozone as an additive to conditioned air, emphasized the exceptionally high suscepti- 
bility of one of them. This wide range of response had long ago been shown by 
Binz’* in a much more extensive physiologic study and has been cited in this 
review. 

More recently, Belknap has reported delayed shortness of breath following ozone 
exposures in helium are welding.+ Ferry ** has also called attention to the presence 
of ozone in certain types of welding operations. 

The numerous types of commercially available ozonizers of various sorts, as 
well as ultraviolet lights, constitute other sources of uncontrolled human exposure 
to ozone when used in confined spaces without adequate ventilation. On the other 
hand, no reports of fatality to man have yet been reported from any source of 
exposure to ozone. Lately, an increasing number of reports of discomfort and illness 
from exposure to ozone have been appearing, however. 


USES OF OZONE 

Medicine.—Although the McDonnell report (1930) demonstrated clearly that 
ozone is chronically injurious to animals at very low levels of exposure when this 
exposure is continuous and, moreover, demonstrated that in one experimental infec- 
tion, tuberculosis, it is not only of no benefit but actually worsens the conditicn, 
curiously enough, in the years following this report, intensive effort was given to 
attempted demonstration of its therapeutic benefits. Considerable interest in this 
application has continued until relatively recently in various countries, chiefly 


France and Italy, for various types of diseases and surgical procedures, mainly 
because of ozone’s antibacterial effect (cf. Additional Bibliography). Ozone does 
not appear to have found significant medical application in the United States, 
however. 


V entilation.—During the period immediately prior to World War I, as well as 
some time previous to it, intensive effort was given to utilizing ozone in ventilation 
(ef. Additional Bibliography). Much controversy was stirred up over the merits 
and toxicity of ozone as an addition to room air, which has only relatively recently 
subsided. Ozone is no longer considered to be a desirable additive to conditioned 
air by large air-conditioning companies in the United States. 


Growth Suppression of Micro-Organisms.—One currently valuable application 
that stemmed from much of the investigational work of the second quarter of the 
20th century is the use of ozone as a suppressor of growth of molds and bacteria in 
cold-storage rooms (cf. Additional Bibliography). Concentrations of from 1 to 3 
ppm by volume are commonly used for suppressing growth of micro-organisms 
associated with storage of fruit, vegetables, meats, cheese, and eggs. Ozone may be 


+ Belknap, FE. L.: Clinical Case Report—Symptoms of Delayed Shortness of Breath 
Following Heavy Ozone Inhalation in Helio-Arc Welding, read before the Chicago Section, 
American Industrial Hygiene Association, Milwaukee, Wis., April 1, 1953. 
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either applied continuously or for one or two short periods during the day. It has 
been recorded more recently (1952) that 0.25 ppm of ozone is adequate for the 
destruction of molds and bacteria associated with cheese spoilage. , 

Water Purification —Two further derivative applications of bacteriologic investi- 
gations of ozone are its use in water purification and more recently in purification 
of industrial wastes (cf. Additional Bibliography). Its use in water treatment was 
tested on an experimental scale as early as 1892. Although it has received some 
favor for the purification of a number of water supplies in France and in the United 
States, its application has been restricted because of competition with chlorination, 
which is cheaper. In instances in which freedom from taste and odor are demanded, 
however, ozone outranks chlorine as an additive. 

Recently ozone has been suggested as an oxidant for phenolic wastes in heavily 
polluted waters. Pilot plant scale work has shown that ozone can oxidize phenols to 
harmless products, permitting their release to streams for potable water supplies 
and leaving no obnoxious taste and odors even after chlorination. 

Miscellanecous.—Although ozone has found numerous other applications, such 
as in the rapid aging of wood, cheap wines, and whiskies; in the rapid drying of 
varnishes and printing inks; in the bleaching of waxes and oils, and in the deodor- 
izing of feathers, probably its greatest potential future uses are in industrial waste 
treatment and in the fine organic chemical industry. In the latter, ozonolysis of 
certain raw products, such as oleic acid, can be made to yield higher quality azelaic 
and pelargonic acids at lower cost currently than other oxidants. 

Exhaust Gases in Garages.—The use of ozone in garages to reduce or eliminate 
carbon monoxide and the unpleasant odors of exhaust motor gases is one that is 
recurrently suggested. Why this should be stems probably from promotional rather 
than factual reasons. As long ago as 1903, Waters investigated the subject and found 
that a trace of carbon dioxide could be produced in two hours at 280 C. but that 
“oxidation does not take place to an appreciable extent at ordinary temperatures.” 
This fact was later confirmed at the National Bureau of Standards by passing a 
stream of air containing carbon monoxide directly between the plates of a powerful 
ozone generator commonly used for the destructive testing of paint films, fabrics, 
etc. No difference in the carbon monoxide content could be detected between the 
entering and emerging stream, with the ozonizing current alternately on and off. 
This statement has been amply confirmed by other investigators both before and 
since (cf. Additional Bibliography, Action on Carbon Monoxide ). 

Despite the rather voluminous writings on the subject, best current opinion 
favors the view that the control of odors by ozone is not desirable. At concentrations 
of ozone which are sufficient to mask objectionable odors of all types, the obnoxious 
properties of ozone are felt to outweigh whatever reduction in odor is achieved. 

The question may well be asked at this point why, if ozone has been amply 
demonstrated to be injurious or at best obnoxious at effective air concentrations, 
have persons persisted in attempting to find applications in which these unfavorable 


physiologic aspects can manifest themselves. There appear to be many reasons. 
Among them is the long-standing opinion that the ozone of the air is the substance 
responsible for the stimulating and invigorating effect of air at certain altitudes. 
This apparently arose from the mistaken notion that the air contained appreciable 
amounts of ozone, now known to be essentially untrue. The possibly beneficial 
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effects of ozone have been fostered also from time to time by statements of investi- 
gators of ozone; for example, Hill and Flack, who have stated that ozone breathed 
in low concentrations “excites the olfactory nerves and those of the respiratory tract 
and skin, and it (ozone) may relieve the monotony of ‘close’ air.’’ More recently, 
promoters of ozonizing devices have seen a promising field for such devices by 
presenting claims of beneficial aspects of ozone for purifying the air in hospitals, 
homes, theaters, stores, and other enclosed spaces. 


SUMMARY AND CONCLUSIONS 


No thorough or extensive study of mammalian toxicity of ozone has ever been 
reported, i. e., one in which all the important variables, such as ozone concentration 
and nature and amounts of accompanying impurities, have been determined and 
controlled and in which at the same time significant numbers and species of animals 
have been studied. The last and most reliable study, reported in 1930, was made on 
one species only. Studies of the adverse effects of ozone on bacteria, fungi, molds, 
and yeast are not considered to yield information indicative of toxicity of ozone for 
mammals. 


The experiments performed since 1857 present the following facts and 
impressions : 


1. Ozone as prepared with usual precautions to minimize impurities, such as 
nitrogen oxides and other oxidants, is both acutely and chronically toxic. Acutely, 
animals may succumb within a few hours from exposure to ozone concentrations of 
20 ppm by volume or less; chronically, as little as 0.2 ppm of ozone in continuous 
24-hour exposure has hastened the death of guinea pigs after seven or eight months. 


2. The chief injurious effect of ozone inhalation is on the lungs. This consists 
of pulmonary edema and hemorrhage, which if sufficiently severe may cause death 
within 3 to 48 hours; if less severe, it may cause temporary pulmonary embarrass- 
ment from which the animal recovers without sequelae. No instance of death from 
exposure to ozone in man has been reported. Secondary effects consist of irritation 
of the mucous membranes, headache, and drowsiness. Low concentrations have a 
narcotizing and general depressant effect, producing sleep in certain individuals as 
has been observed in animals. 


3. Approximately one-fourth of the atmospheric ozone concentration reaches 
the pulmonary vessels, three times as much being destroyed in the upper respiratory 
passages, according to deductions from the rate of development of effects in trache- 
otomized animals compared with those breathing normally through the nose. No 
ozone has ever been detected in expired air. 


4. Ozone appears to cause a decreased rate of pulmonary ventilation and lowered 
output of carbon dioxide, but the diminution in carbon dioxide output is less than 


that of oxygen; consequently, the respiratory quotient may at times be greater 
than 1. 


5. No toxic substances have been demonstrated in the blood of animals inhaling 
ozone, 


Ozone prepared by different methods may have varying types and amounts of 
impurities which may alter its apparent toxicity. There are insufficient data to 
show conclusively that Os prepared under usual conditions is appreciably more toxic 
than pure O;. Impurities consist of varying amounts of oxides of nitrogen, chiefly 
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NOx, NoOs, small amounts of NO, HNQOs, and also HyQz in addition to the usual 
atmospheric impurities; other impurities, unproved but possible, may be oxozone 
(Oy), ozonic acid (H2O,4), or “nitrogen ozide,” whose toxicities are unknown. 
Limited studies of mammalian toxicity of ozone containing approximately equal 
amounts of “oxides of nitrogen” appear to indicate greater toxicity than the equiva- 
lent concentration of “pure” ozone; whether the toxicity of ozone is appreciably 
altered by whatever small amounts of impurities accompany ozone as it is commonly 
prepared has yet to be demonstrated. 


A few reports of occupational illnesses believed to have arisen from ozone 
exposure have lately appeared. Whatever the impurities in ozone or its contribution 
to the illnesses, it would seem that ozone-generating sources should be held suspect 


as potential sources of human injury, although these ozone levels appear to be 
relatively low (1 to 2 ppm). 

The opportunities for ozone exposure are increasing. Although this is chiefly due 
to increasing use of electrically powered equipment, ozone is also finding increasing 
applications in the chemical industry, in treating industrial wastes, and in preserving 
perishable foods. The last uses, in turn, increase the demand for ozone production 
and handling. 
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Report of a Case 


MAY R. MAYERS, M.D. 
NEW YORK 


T IS seldom that one has the opportunity to follow the case history of a worker 
who for more than 20 years had been heavily exposed on the same job to a given 
chemical substance—in this case copper acetoarsenite, more popularly known as 
Paris green. This type of exposure and the particular job in question are unusual. 
In fact, occupational arsenic poisoning is believed to be rare. The clinical picture is 
therefore relatively unfamiliar to the medical profession, and the problems in differ- 
ential diagnosis which developed are instructive. 


REPORT OF CASE 

Occupational History.—In 1908 B. E., an Austrian, 27 years of age, was employed to weigh, 
compound, and apply Paris green powder to signs used outside certain retail stores. The signs 
were first wetted down with sizing, and the Paris green powder was applied either by blowing 
or by patting until the particular texture and color were achieved. Application of the powder 
to the signs was done both outdoors and in the workshop. Weighing and compounding of the 
powder was done only in the workshop. 

The patient continued to do this work until 1928, when he was hospitalized for a penetrating 
gastric ulcer. Two months later he returned to his job, and there is reason to believe that 
between 1928 and 1931 the volume of his work and the intensity of his exposure increased. From 
1931 to 1935 he worked only intermittently because of recurrent illness. In 1935 he became 
totally and permanently disabled and did no further work of any kind. He died in 1950, at 
age 70. 

In the course of his work his skin and clothing became covered with the arsenic dust, and at 
one point, on physical examination by an ophthalmologist, Paris green powder was observed 
even on his eyelids. There was ample opportunity for inhalation of the dust, particularly when 
the work was done indoors. Systemic absorption was evidenced by the presence of significant 
concentrations of arsenic in the urine. The Wassermann reaction was repeatedly negative, and 
there was no reason to believe that the patient had ever received arsenic therapy. No industrial 
hygiene evaluation of his working environment was ever done. 

Medical History——The medical history was essentially negative, except for vague gastro- 
intestinal complaints which started soon after he began working with arsenic. Five years later 
(1913) he had an appendectomy. In 1928 he became acutely ill and was hospitalized for a 
penetrating gastric ulcer. Between 1928 and 1935, when he became totally and permanently 
disabled, there were nine admissions to five of the leading hospitals in New York City and 
thereafter numerous physical examinations on an ambulatory basis, both in and out of hospital 
clinics. In 1950 he died of cardiovascular-renal disease unrelated to the arsenic poisoning. An 
autopsy was done. 

The hospital admissions were so numerous and the medical records so voluminous and 
repetitious that no attempt will be made to present each of them, even in summary form. 


Formerly Chief, Medical Unit, Division of Industrial Hygiene, New York State Department 
of Labor. 
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Instead, for purposes of clarity, attention will be focused upon the pertinent clinical findings 
as they developed chronologically and built up in this worker a medical syndrome characteristic 
of chronic arsenic poisoning, with its accompanying sequelae. It is rare to find in a single 
person such a classic picture of this clinical disease entity. 


Clinical Course —For three weeks prior to hospitalization in 1928, B. E. began suffering 
increasingly from acute epigastric pain. This came on directly after meals and was made worse 
by eating. His stools became black and watery. He was dizzy and nauseated. On the day 
of admission to the hospital, he vomited 150 cc. of bright red blood. He gave his occupation as 
that of “painter,” but no occupational disease was considered. 

X-ray examination of the stomach showed the presence of a “penetrating ulcer at the 
reentrant angle, which was about 1'2 in. (3.7 cm.) in length and projected beyond the lower 
curvature for a distance of about '% in. (1.2 cm.).” Gastric tone, peristalsis, and motility were 
normal. No abnormality was noted in the duodenal bulb. In every other respect the physical 
examination was essentially negative. A diagnosis was made of “penetrating gastric ulcer”; 
the patient responded satisfactorily to a Sippy diet, was discharged “improved,” and in a few 
weeks returned to his usual work 

Four years later, in 1932, B. EF. had a recurrence of almost the same symptoms: He began 
to suffer from colicky epigastric pains, with burning and eructations, particularly after meals. 
He became nauseated and vomited occasionally. For two months he again noticed black and 
tarry stools. On the morning of admission to the same hospital, he vomited “blood-tinged 
fluid.” In addition, he complained of weakness in the arms and legs of about four weeks’ 
duration and a slight nonproductive cough. 

A tentative diagnosis was made of “recurrent gastric ulcer,” but this time it was not con- 
firmed by x-ray. The old ulcer had apparently healed, and no new one was to be found. Except 
for tenderness in the epigastrium, physical examination was again negative. A gastrointestinal 
series was negative, and a test meal showed somewhat low gastric acidity. The electro- 
cardiogram was normal. The blood pressure was 120/73. Red and white blood cell counts were 
normal, with a hemoglobin level of 80%. Neurological examination was negative. Urine was 
negative for albumin and sugar. 

In view of the negative gastrointestinal series and the low gastric acidity, it was believed 
unlikely that a gastric ulcer was the cause of the patient's symptoms. The fact that he was a 
“painter” suggested, rather vaguely, the possibility of an occupational etiology, but he improved 
very rapidly on a milk diet and this lead was not followed up. Again he was discharged 
“improved” and soon returned to his job. (One wonders whether his temporary removal from 
exposure to arsenic may not have contributed to his recovery.) 

Two months later B. E. again suffered a recurrence of his acute colic. In addition, he had 
a widespread itching rash and swelling of the eyelids. He was admitted to another hospital. 

Now, the physical examination revealed a widespread exfoliative dermatitis covering his 
arms, forehead, and abdomen and extending even into his ears. Paris green powder was observed 
on his eyelids, and there was an acute conjunctivitis, with small ulcerations of the eyelids. He 
was also suffering from acute coryza and some congestion of the throat, but no ulcerations were 
found in the nasal mucosa or elsewhere in the upper respiratory tract. X-ray of the gastro- 
intestinal tract was negative. Neurological examination showed weakness of both hands and 
feet, with paresthesias involving needle-and-pin sensations and some numbness. The blood count 
was again normal. The urine showed no albumin or sugar 


For the first time an effort was made to determine whether the patient was suffering from 
arsenic or lead poisoning, and the urine was examined for both arensic and lead. Only qualita- 
tive tests were done, however, but these showed arsenic to be present and lead absent. The 
patient improved and again returned to his usual work. . 


During two successive hospital admissions in October and November, 1932, the pertinent 
medical findings were briefly as follows: The dermatitis previously observed persisted; a chronic 
nonproductive cough had developed; gastrointestinal symptoms had improved; the blood count 
was still normal. However, the patient suffered from sharp intractable neuritic pains in all 
extremities from his knees and elbows down, causing inability to sleep, and there were beginning 
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signs of vasomotor instability evidenced by a reddish-blueness of the hands and feet. This 
discoloration of the hands and feet, a characteristic finding in chronic arsenic poisoning, was 
to persist for the remainder of his life—even years after exposure had ceased. 

For the next few months the patient felt somewhat better and again resumed his usual 
work. Again he became acutely ill and was again hospitalized. The dermatitis and the acute 
conjunctivitis were no longer present, but blueness of the skin of the hands and feet was again 
noted. The signs and symptoms of motor and sensory polyneuritis became more pronounced. 
Deep and superficial reflexes at this time were normal. The patient described his gastric 
discomfort now as “nagging” rather than “colicky,” as it had been previously. A gastrointestinal 
series showed “small mucosal erosion on the lesser curvature, approximately % in. above the 
sulcus angularis, with a negative diagnosis of cancer of the stomach.” The blood count was 
again normal, 

A series of quantitative examinations of the urine for arsenic and lead were made for the 
first time in the spring of 1933 at the suggestion of a prominent internist who was called into 
consultation in the case. The lead values were all within normal limits, but the arsenic values 
were high: 3.24 mg. and 28.0 mg. per 1,000 cc. of urine. Unfortunately, no chemical analyses 
were ever made to determine the arsenic content of either the hair or the fingernails, both char- 
acteristic sites for the storage of arsenic in the body. 

The next hospital admission in which the medical findings provide pertinent data as to further 
developments in the clinical picture was in the summer of 1933. Now not only the hands and 
feet but the skin of the face had assumed a reddish-blue discoloration. ‘The skin of the fingers 
and toes was found to be smooth and shiny, with cyanosis of the terminal phalanges. Peripheral 
pulses, however, were patent. 

On neurological examination, the left knee jerk was absent; the right knee jerk was active 
but depressed. Vibratory and position sense were bilaterally impaired. Pain, causing loss 
of sleep, muscle weakness, and paresthesias continued as before. The eyelids were found to be 
thickened and the eyelashes sparse owing to chronic conjunctivitis. The larynx showed 
thickening and hypertrophy of the arytenoids. This was accompanied by a chronic nonproductive 
cough with hoarseness of three weeks’ duration. There was no sputum, no hemoptysis, and no 
night sweats. 

For the first time the blood count showed an increase in red cells and hemoglobin: RBC, 
5,320,000 ; hemoglobin, 110%. WBC was 8,700, with 64% polymorphonuclears, 28% lymphocytes, 
and 9% monocytes. 

Medical attention at this time was also directed to a psychoneurotic element in the clinical 
picture. This apparently began to manifest itself gradually as the patient’s prolonged illness 
was making it increasingly difficult for him to continue working. 

In August, 1935, B. FE. went to the outpatient department of a hospital where the staff was 
then engaged in an intensive study of polycythemia vera, a disease of unknown etiology. He 
interested them greatly because of his blood picture, the trophic changes in his skin, his glossy 
fingertips, and his peripheral neuritis. A series of blood counts at this time revealed red cell 
counts as high as 5,500,000 to 6,500,000 and hemoglobin values as high as 16.2 gm. The white 
blood cell and differential counts were normal. Although there was no enlargement of the spleen 
or liver, a tentative diagnosis was made of polycythemia vera, and the patient was hospitalized. 
While in the hospital he developed bilateral foot drop, and both feet were put into plaster casts 
for a time. This condition gradually cleared up, however, and he was again able to walk. 

Treatment with phenylhydrazine was begun for the “polycythemia vera.” But this caused 
the patient to become jaundiced and disoriented, and the therapy was promptly discontinued. 
Considerable medical controversy ensued, however, as to whether B. E. was actually suffering 
from polycythemia vera and whether arsenic might possibly be an etiological factor in the 
development of the case. The matter was ultimately resolved by the clinical course of the 
disease. For by May, 1936, which was approximately a year after all exposure to arsenic had 
ceased, the patient’s blood picture had returned to normal, and it continued to be normal there- 
after—circumstances incompatible with a diagnosis of polycythemia vera. 

When reexamined in 1944, B. E. was found to be nervous, restless, tense, and markedly 
apprehensive. The purple-red discoloration of his skin was unchanged; his hands and feet were 
cold and clammy, and the skin of his fingers was still smooth and shiny. There was a coarse 
tremor of both hands. His gait was abnormal in that he held himself rigid and walked without 
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associated movements. Muscles showed hypotonicity. Reflexes in the upper extremities were 
absent, as were also abdominal and cremasteric reflexes. Patellar reflexes were barely elicited; 
cranial nerves were normal; abnormal reflexes were absent. Pain and tingling sensations in 
the legs, knees, shoulders, and hands continued but were less marked than before. Sensory 
response to cotton, pinpoint, heat, cold, and vibration continued to be diminished. With advancing 
cardiovascular degeneration, hypertension began to make its appearance, and the blood pressure, 
which had previously been normal, rose to 206/106. 

The clinical syndromes which the patient presented during the next few years may be briefly 
considered as presenting three separate and distinct facets: (1) the sequelae of the chronic 
arsenic poisoning; (2) a progressive arteriosclerosis, with cardiac degeneration and hyper- 
tension associated with advancing years, and (3) a psychoneurosis with mental deterioration, the 
result of prolonged illness and disability. It is noteworthy that, while the latter two categories 
were progressive, the sequelae of the arsenic poisoning steadily improved after cessation of 
further exposure in 1935. All gastrointestinal symptoms soon disappeared; the successive attacks 
of exfoliative dermatitis and the conjunctivitis gradually cleared up, leaving some permanent 
thickening of the eyelids. Most striking was the progressive improvement in both the motor 
and the sensory manifestations of the polyneuritis. Although some muscle weakness remained, 
all reflexes were obtainable by 1948. The right biceps, however, continued to be weaker than 
the left. Sensory improvement, though somewhat less marked, was also considerable. The 
trophic skin changes, alone, remained apparently unaltered. 

On Sept. 29, 1950, B. E. died at the age of 70. This was 15 years after all exposure to 
arsenic had ceased. The cause of death at autopsy was given as “coronary sclerosis, with 
occlusion; myocardial fibrosis ; congestive heart failure; enlarged liver, two fingers below costal 
margin, with chronic passive congestion.” 

The autopsy findings were essentially those associated with coronary occlusion in which 
there is also advanced cardiovascular degeneration and hypertension. No evidences of hyper- 
keratoses or skin cancer were found. There was no cancer of the eyelids (another site of special 
predilection for arsenic) and no cancer of the lungs—despite prolonged inhalation of the arsenic 
dust. There was no cancer of the stomach. The liver, which was the only tissue chemically 
examined, did not reveal the presence of arsenic. 


COMMENT 

In this case one is dealing with a worker who was heavily exposed to arsenic 
dust in the form of Paris green (copper acetoarsenite) for more than 20 years and 
lived for 15 years after exposure had ceased. During those years on the same job 
all portals of entry were involved—skin contact, inhalation of the dust, and, no doubt, 
ingestion. Unfortunately, no opportunity was afforded either for an industrial 
hygiene survey of the conditions under which this man worked or for metabolic 
studies to throw light upon absorption, storage, and excretion of the arsenic to which 
he was exposed. Such studies are particularly illuminating when one is dealing with 
cumulative poisons in industry. 

It is difficult to fully interpret the gastrointestinal picture presented by this 
patient. However, there are several points of special interest : 

1. Gastrointestinal disturbances began after B. FE. started his work with the 
green dust. 


2. The acute colic and vomiting of blood which characterized the perforating 
gastric ulcer in 1928 were repeated in 1932 without any apparent evidence of an 
ulcer, the original one having healed. 


3. Gastrointestinal symptoms became gradually less prominent from 1933 to 
1935, when exposure was intermittent, and they disappeared when exposure to the 
arsenic ceased entirely. 
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The repeated attacks of exfoliative dermatitis disappeared when exposure to the 
Paris green dust was discontinued. It is interesting that despite this intense and 
prolonged exposure of the skin to a carcinogen, such as arsenic, no hyperkeratoses 
and no skin cancer developed. The failure of cancer to develop in this case impresses 
one again with the great differences in individual susceptibility which apparently 
characterize the whole field of clinical medicine. 

Trophic skin changes remained as permanent sequelae of the arsenic poisoning. 
They caused the hands, feet, and face to be cold and clammy and to assume a 
purplish-red hue. The fingertips remained smooth and shiny. These trophic changes, 
together with an erythrocytosis and a polyneuritis, which are characteristic though 
not pathognomonic of chronic arsenic poisoning, resulted at one point in an errone- 
ous diagnosis of polycythemia vera. This diagnosis was definitely ruled out, however, 
by the clinical course of the disease in the years which followed. 

Chronic irritation of the eyes and the upper respiratory tract from contact with 
the arsenic dust manifested itself in (a) an acute conjunctivitis, with multiple small 
ulcerations, which was followed by a low-grade chronic conjunctivitis with perma~- 
nently thickened eyelids and scant eyelashes; but there were no signs of cancer, 
though the eyelids are believed to be sites of special predilection in the case of 
arsenic, and (>) hypertrophic changes in the mucous surfaces of the vocal cords 
and the arytenoids. There was no indication, however, that the adverse effects of 
inhalation of the Paris green powder went beyond the upper respiratory passages 
to the lungs. There were no signs of pneumoconiosis. 

The polyneuritis with serious motor and sensory disturbances, which gradually 
progressed to the point of bilateral foot drop, was from a practical viewpoint one 


of the most disorganizing and disabling features of the patient’s illness. After expos- 
ure to the arsenic ceased, however, the foot drop disappeared and the polyneuritis 
improved steadily. Some muscle weakness and some sensory disturbances remained, 
but most reflexes returned to normal. By that time, however, the patient was 


becoming increasingly disabled by progressive arteriosclerosis and cardiovascular 
disease. 


Most striking perhaps were the long delay in recognizing arsenic as the etiologi- 
cal factor in the case, the failure to follow up this lead when it was first considered, 
and the fact that the patient continued his exposure despite repeated hospitalizations. 
The importance of obtaining complete and accurate occupational histories of patients 
is just beginning to receive greater recognition by the medical profession, The fact 
that the patient said he was a “painter” vaguely suggested lead but did not stimulate 
sufficient interest way back in 1928-1935 to cause an industrial hygiene appraisal 
to be made of the patient’s occupation and the precise nature of his unusual exposure. 
Even today, unfortunately, physicians and hospitals are still not sufficiently alerted 
to the need to quantitate the excretion of toxic materials in patients suffering from 
occupational diseases, nor are they adequately equipped to do so in many cases. 


SUMMARY AND CONCLUSION 

A rare case of occupational arsenic poisoning is presented in a worker who had 
an unusual and heavy exposure to Paris green dust (copper acetoarsenite) for more 
than 20 years. The clinical syndrome and the course of its development are described 
in some detail. No evidences of cancer were found at autopsy. 
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TOXIC AND FIBROSING ACTION OF SUBMICROSCOPIC PARTICLES 
OF AMORPHOUS SILICA 


A. POLICARD, M.D., Ph.D. 
AND 


A. COLLET, M.D. 
PARIS 


Laon given off from strongly heated silica condenses into a fine powder made 
up of spherical submicroscopic particles less than 0.1 » in size. This silica is 
pure, noncrystalline, and very toxic. Intravenous injections will kill animals almost 
instantaneously (Gardner ' and King *). Small doses injected into the lung or the 
peritoneal cavity are usually fatal (Jotten and Klosterkotter * and Gartner *). On 
the other hand this type of silica will produce only very little fibrosis (Lundgren 
and Swensson °). 


Fig. 1—Electron micrograph of a sample of silica condensate (x 22,000). 
We have studied this silica condensate using intratracheal and intraperitoneal 
injections in rats (Miller and Sayers’ test ®). The object of intraperitoneal injection 
was to obtain a less violent effect so that the animals would survive. The fibrosing 


action of this silica could then be assessed, which is impossible in animals dying 
too quickly after intravenous or intrapulmonary injections. Following our work 
on the peritoneal test,’ we recorded only the changes in the omentum and mediastinal 
glands and excluded the larger nodules seen in the abdominal walls, which are 
valueless for test purposes. 


Honorary Professor, Medical Faculty of the University of Lyon (Dr. Policard). 
From the French Collieries Study and Research Center, Paris and Verneuil (Oise). 
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EXPERIMENTAL TECH NIQUE 
The silica condensate used was collected in aspiration tubes in factories where 
quartz is melted. 


The distribution of particle sizes was determined by the electron microscope, 
as shown in Figure 1. This distribution was as follows: 


Particle Sizes, Mu Particles, % 
x 0.1 
< 20 2.3 
< 25 26.4 
61.6 
< 50 79.9 
< 100 96.5 
< 150 99.9 


X-ray diffraction, with the use of Debye and Scherrer’s method, has not demon- 
strated according to Figure 2 any crystalline structure in this silica. Spectrographic 
analysis has shown the silica content to be 99.9%, the impurities being Ca, Na, and K. 

Rats of the Wistar strain, with an average weight of 200 to 250 gm., received 
intratracheal and intraperitoneal injections of this silica suspended in sterilized 


Fig. 2.—Diffraction pattern of Debye and Scherrer. 


isotonic saline. Injections of 100, 50, and 30 mg. per kilogram were given. Some 
experiments were made on rabbits, 

The animals that did not die at once were killed after 4, 8, 20, 30, and 60 days, 
and an autopsy was performed. The miliary nodules in the omentum and _ the 
mesenteric and tracheobronchial lymph nodes were studied in those receiving 
intraperitoneal injections, the lungs and the tracheobronchial lymph nodes in those 
receiving intratracheal injections. The sections were stained with hemalum-eosin- 
orange, Masson’s trichrome modification of Mallory’s methyl blue stain, and Gordon 
and Sweets’s silver stain. 

RESULTS 

Two effects have to be considered—the general toxic effect and the local fibros- 
ing effect. 

i. General Toxic Effect—Submicroscopic silica particles have a widespread 
toxic effect. Intravenous injections in the rabbit are nearly always fatal. Intra- 
tracheal injections of 30 and 50 mg. in the rat are fatal either immediately or in a 
few hours in 80 or 90% of the animals. Death results from acute pulmonary edema, 
and often there are alveolar hemorrhages and dilatation of the pulmonary blood 
vessels. 

Intraperitoneal injection is less harmful. After receiving 100 mg. of silica, only 
20 to 30% of the animals die quickly, and with doses of 50 mg. all survive. One 
can study the fibrosing effects in this last group. 
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Acute general poisoning has also been studied in animals following intra- 
peritoneal injections. Physical signs appear during the first four days and consist 
of loss of weight, diarrhea, and prostration. If these signs get worse, death ensues, 
and postmortem examination gives the following results. 

Most of the histiocytes in the peritoneal cavity and omentum show changes. 
Vacuoles appear in the cytoplasm, and the nuclei are fragmented or destroyed. 
Areas can be seen with centers made up of damaged cells and with normal or 
slightly altered histiocytes at the periphery. These areas are always edematous, 
sometimes intensely so, though the edema diminishes with the passage of time. 

The lymph nodes are greatly enlarged. They contain groups of large histiocytes 
in varying stages of degeneration. The lymphocytes are less numerous and are of 
a young type. The medullary sinuses are packed with clear cells. 

The thymus is atrophied and inverted in appearance, the cortex being clearer 
than the medulla. 

The spleen is hypertrophied and altered in appearance. The malpighian cor- 
puscles have almost completely disappeared, and the zones of blood sinusoids are 
disorganized. 

The liver is generally enlarged and contains many fat cells and clusters of cells, 
mainly constituted of histiocytes. 

The adrenals are frequently enlarged, and there is a 50 to 97% increase in weight. 
The lipids in the cortex, stained with Sudan red after formol fixation, show a change 
in their usual distribution. Normally there are few lipids between the glomerular 
and the fascicular zones and few in the reticular zone. Now there is either a general 
increase of lipid cells throughout the cortex or, more rarely, a widespread diminu- 
tion. In nearly every case, the lipid-free area between the glomerular and the 
fascicular zones has disappeared. 

These observations permit the conclusion that a “stress reaction” has been 
produced by the intraperitoneal injection of silica condensate. Such a reaction is 
characteristic of the general effect of silica. It confirms the action of the breakdown 
products of this silica in that they behave like all poisons. 

II. Local Fibrosing Action—Physical signs are always less severe in those 
animals resistant to early poisoning. When the animals are killed after 8, 20, 30, 
and 60 days, peritoneal edema progressively diminishes and then disappears. Small 
spherical nodules, 1.5 to 2 mm. in size, appear on the omentum. They are hard and 
sometimes confluent and look like frog spawn. The mesenteric and tracheobronchial 
lymph nodes are two to four times their normal size. These lesions resemble those 
caused by quartz, but they form earlier and are more accentuated. 

Microscopically the peritoneal lesion is a granuloma, the center of which is at 
first occupied by degenerating and dead cells, then by altered histiocytes of different 
types (Fig. 3). The outer edge of the granuloma is made up of histiocytes, whose 
cytoplasm is basophile in reaction and whose nuclei are large, clear, and irregular. 
Specific staining of the connective tissue shows a fibrous reaction. The latter is 
poor at first but gradually increases. After 20 to 30 days the center of the granuloma 
consists of a few cells and irregular, thickened collagen fibers, lying in all directions. 
At the periphery there is a packed system of reticular fibers filling the intercellular 
spaces and surrounding the cells. This network is thicker toward the center, where 
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Fig. 3.—Peritoneal granuloma showing cellular and fibrous tissue after eight days (Masson's 
trichrome stain; x 300). 


Fig. 4—Fibrous and collagenous reaction in the peritoneum after 45 days (Masson’s 
trichrome stain; x 300). 
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Fig. 5—Another view of the fibrous reaction after 45 days (Masson's trichrome stain; 
x 500). 


Fig. 6.—Pulmonary nodule 60 days after intratracheal injection (Gordon and Sweets’s silver 
stain; x 70). 
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it joins the collagen fibers. This fibrosis gradually increases, and after 30 to 60 days 
one can see extensive fibrous areas which are almost acellular (Figs. 4 and 5). A 
similar process occurs in the lymph nodes, though it is less rapid than in the omental 
nodes, The zones of clear cells are considerably altered, like those in the omentum. 
Networks of reticular fibers form, become more dense, and change to collagen in 
the same way as in the peritoneal granulomata. 

A small proportion of the rats survived intratracheal injections of silica con- 
densate. Changes similar to those described above have been seen, namely, formation 
of confluent nodules of histiocytes, with subsequent fibrosis due first to reticular 
fibers and then to collagen (Fig. 6). The histology of the pulmonary and that of the 
peritoneal lesions correspond exactly. This work shows the value of the peritoneal 
test for assessing the toxicity of mineral dusts. 

The lesions produced by silica condensate are comparable to those produced by 
crystalline silica (quartz), except that the former occur more quickly and are 
grosser, After the injection of silica condensate, fibroblasts which can be stained by 
Mallory’s methyl blue method are visible four to five hours after injection. 


COM MENT 


Experiments previous to ours have shown the general intense toxic effects of 
submicroscopic particles of silica, and we have confirmed these results. On the other 
hand, they have not in the main demonstrated the fibrosing effects. What is the 
reason for this discrepancy ? 


There is one possible explanation, Electron microscopy reveals that many of the 
submicroscopic silica particles used in other experiments (‘‘aerosol,” for example) 


are finer than the silica particles used by us. This property renders the substance 
so toxic that the animals die before fibrosis can develop. This explanation does not 
apply, however, to the experiments of Lundgren and Swensson.® On the contrary, 
one can recall the much smaller doses that were used (6 to 60 mg. per kilogram, 
instead of 150 to 500 mg. in our experiments). Perhaps one also recalls an inade- 
quate interpretation of the reactions produced by the intraperitoneal test. 


CONCLUSIONS 


The results of our experiments would seem to allow the following conclusions : 

1. The end-product of silica condensate is sufficiently toxic to cause a “stress 
reaction” (as shown by changes in the adrenals and thymus). When a sufficient 
amount is injected locally, this substance affects cells, characteristically causing 
vacuoles in the cytoplasm and fragmentation of nuclei. 

2. Amorphous silica in submicroscopic particles possesses a distinctive fibrosing 
action, qualitatively similar to that possessed by crystalline silica (quartz) but 
quantitatively more powerful. 

3. This generalized toxic quality and the local fibrosing quality cannot be sepa- 
rated, as Giese * has done, since one finds both these qualities in the same specimen 
of silica condensate. The fibrosing effect must be considered together with the 
constant cell changes shown in the living cell by phase-contrast microcinematog- 
raphy * and in tissue cultures.'® 

4. Our results show that noncrystalline amorphous silica really does have a 
fibrosing action. This fact was brought forward first by Gye and Purdy *! and 
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then more clearly by Campbell '* using precipitated silica. Recently King and his 
co-workers obtained an experimental pulmonary fibrosis with fused silica, but this 
fibrosis is different from that caused by crystalline silica.’ 
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BROMOTHYMOL BLUE SCREENING TEST 


Value for Determination of Blood Cholinesterase Activity 


J. H. WOLFSIE, M.D. 
AND 


G. D. WINTER, B.S. 
LINDEN, N. J. 


ITH THE increased use of organic phosphate insecticides which are cholin- 

esterase inhibitors and with the better appreciation of the health problems 
accompanying the application of these substances, the importance of practical methods 
for measuring cholinesterase (ChE) activity in the human has become a well-estab- 
lished fact. 

The practical usefulness of the original Michel electrometric method' and par- 
ticularly of various modifications of the same, including microadaptations,’? has been 
proved for the established laboratory. For the blood testing of personnel in the field, 
satisfactory measures have been provided for the collection of small samples of blood 
and their transportation to a laboratory for analysis. In addition, the value of 
separate determinations of plasma and red blood cell ChE activities on the same 
blood sample, rather than either serum or whole blood determinations alone, has been 
definitely established.* 

For practical purposes, however, the need has existed for a simple and rapid test, 
perhaps on whole blood, which could be readily used in the field. Such a test was 
recently described by Limperos and Ranta.® This test utilizes the continuous color 
change of bromothymol blue (dibromothymolsulfonephthalein—pH 6.0 to 7.6 
[| BTB]) ina solution of increasing acidity. Substrate acetylcholine iodide (AChI) 
is hydrolyzed by the acetylcholinesterase in a drop of fingertip blood, and the result- 
ing change in pH is indicated by a change in color of the solution after a 20-minute 
incubation period, The potentialities of such a simple procedure for use as a screen- 
ing test in the field among blenders and agricultural workers using cholinesterase- 
inhibiting insecticidal compounds and even potential uses in civil defense in reference 
to exposures to nerve war gases were apparent immediately on reading the original 
paper. 


Inasmuch as ChE activity tests are performed routinely by us on men potentially 
exposed to parathion and similar compounds while engaged in their manufacture, 
advantage was taken of the opportunity to compare the BTB screening method ° with 
electrometric determinations * of plasma and red cell ChE activity on blood samples 
taken at the same time. In doing this, the original method of Limperos and Ranta 
was followed exactly at first. However, as increasing use suggested various modi- 


From the American Cyanamid Company, Warner Works; Chief Physician (Dr. Wolfsie) 
and Medical Department Chemist (Mr. Winter). 
* References 3 and 4. 
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fications, these were tried side by side with duplicate samples for which the prescribed 
technique was used. Finally, the original test was further simplified and streamlined 
somewhat, with no apparent change in sensitivity, as follows. 


MATERIALS AND APPARATUS 

One WBC (1: 20) diluting pipette for each test. 

One 2 ml. serum bottle with rubber stopper for each test. 

Acetylcholine iodide aqueous solution (0.012 gm./ml.). (This is double strength, compared 
with the original Limperos and Ranta method, and will remain stable for periods up to two 
weeks if kept in a refrigerator.) 

Bromothymol blue (water-soluble) in aqueous solution (0.0005 gm./ml.). (This solution will 
remain stable for up to one week if kept in a refrigerator. ) 


N.B.—These solutions are made with distilled water, preferably deionized (pH 6.8 to 7.0). 


MODIFIED METHOD 


Draw blood from the fingertip puncture to the 0.5 mark in the pipette; wipe the outside of the 
pipette with clean gauze or tissue, and dilute to the 11 mark with the BTB solution. Shake the 
pipette briefly; then deliver the contents into the serum bottle. Fill the pipette again to the 11 
mark with BTB solution and rinse into the serum bottle two or three times. Measure 1 volume 
of the AChI solution to the 11 mark in the same pipette, and add this solution to the contents of 
the serum bottle. Stopper the bottle, shake, and observe the initial color by holding the bottle 
in a horizontal position about 1 in. (2.5 cm.) above a white surface and looking down through the 
side of the bottle. The initial color should be green. (If the contents of the bottle appear muddy 
or if the color is more olive green than green, the result should be checked with a repeat test, 
using freshly prepared solutions.) Place the bottle in the axilla of the patient, next to the skin, 
or in a water bath at 98 F., for 20 minutes. Remove at the end of the required time interval, and 
note the final color in the same manner as before. Limperos and Ranta® cite the following 
colors as representing the indicated per cent of normal ChE activity: orange, 100%; brown, 
75% ; olive brown, 50% ; olive green, 25%, and green, 0%. 


RESULTS 

Certain statistical values computed from 121 tests so performed are given in 
Table 1. Column headings in the Table indicate the colors observed at the end-point 
of the 20-minute incubation period. While the test bottles were under continuous 
observation in the water bath, all variations of color from green through olive green, 
olive brown, brown, and shades of amber were seen as hydrolysis progressed. On 
the basis of notations at 10-, 15-, 20-, 30-, and 45-minute intervals, it appeared that 
the greatest variation in color among samples from different people occurred at 
approximately the 20-minute period. Hence, it was not necessary to prolong the 
incubation period, nor possible to shorten it, to increase the efficiency of the test. 

Limperos and Ranta ° cite an orange color as representing 100% ChE activity, 
a color defined by us as being more amber than true orange. Further, it was possible 
during the testing to differentiate between dark and light ambers, the dark being 


closer to brown and the light amber tending more toward orange. For all practical 


purposes, however, these two colors could be grouped in one classification under the 
general term “amber.” 

In preparing this table of results, the A pH/hour plasma and red cell ChE 
activity values for each person obtained by the electrometric test * were included in 
a column designated by the color observed for that same subject in the BTB test. 
(A pH/hour is the designation used for the change in pH of buffered plasma or red 
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cells during one hour of incubation at 25 C. with substrate acetylcholine chloride. 
Samples of blood are separated into plasma and red cell components by centrifuga- 
tion, and the électrometric test is performed individually on each fraction. ) 

Each BTB test color represents a specific total change in pH of the test solution 
with the use of whole blood, in contradistinction to the pH change reported for 
plasma or red blood cells alone in the buffered solutions of the electrometric method. 
The relatively wide 4 pH/hour ranges shown in the Tables for plasma and red cells 
are explained by the fact that in separate tests on these two fractions of blood the 
4 pH/hour values are rarely equal, or even approximately equal, to each other. Low 
values for plasma (pseudo) ChE activity are frequently accompanied by higher 
values for erythrocyte (true) ChE activity in the same person or vice versa. 

When all the A pH/hour data corresponding to each observed color in the whole 
blood BTB test were grouped in the Table, the highest and lowest plasma and red 


Tas_e 1.—Comparison of Observed Colors in Vivo (BTB Method—Whole Blood) vs. 
4 pH per Hour (Electrometric Method—Plasma and Red Cells) 


I II 
Color Olive Brown Brown Amber 


Plasma Red Cells Plasma Red Cells Plasma’ Red Cells 
No. of tests (total 121) 7 41 73 
Range, 4 pH/br 0.439-0.760 0.598-0.780 0.643-1.000  0.643-1.100 
Range, % of normal * 48-83 70-91 59-108 71-106 73-125 71-128 
62-108+ 79-103+ 76-141+ 85-133+ 95-162 85-146+ 
Median value, A pH/br 0.566 0.708 0.750 0.770 0.930 0.880 
Arithmetic mean, 4 pH/br 0.614 0.699 0.748 0.782 ‘ 0.875 
Arithmetic mean, % of normal j 82" g1* 102" 
106+ 104t 
Combined means, A pH/hbr. (plasma 
plus red cells) Bi 1.530 
Combined means, % of normal} 
(plasma plus red cells) 4 a 
105+ 


* A pH/hr. 0.912 equals 100% for plasma; A pH/hr. 0.861 equals 100% for erythrocytes. 

+ Based on Michel's values for normal, viz., A pH/hr. 0.703 for plasma and A pH/hr. 0.753 for red cells. 

1 A pH/hr. 0.912 plus A pH/hr. 0.861 equals 1.773 which, in turn, equals 100% for whole blood for the pur- 
pose of this comparison, On the basis of Michel's values for normal, A pH/hr. 1.456 = 100%. 


cell ChE activity values within each group were listed as representing the range of 
A pH/hour for plasma and red cells (treated separately) for that color group. The 
range as a percentage of normal simply repeats the above ranges now converted to 
per cent of normal figures, “normal” being the mean value for plasma and for red 
cell ChE activity in a series of observations (by a modified electrometric method ) of 
normal persons.* This value equals A pH/hour 0.912 for plasma and & pH /hour 
0.861 for red cells. This is in disagreement with the values reported by Michel ' as 
representing normal or 100% ChE activity, viz., A pH/hour 0.703 for plasma and 
A pH /hour 0.753 for red cells. Because of the widespread use of the latter reference 
values, the Tables indicate per cent of normal ChE activity calculated on the basis 
of both our normal values * and those reported by Michel.’ 

Although it is known that the ChE activity of whole blood is not an additive 
function of the separate activities of plasma and red cells expressed as A pH /hour, 
the mean A pH/hour values for plasma and red cells within each group in Table 1 
have been added together. This was done in order to compare this value with the 
sum of the normal mean plasma and erythrocyte values combined in the same manner 
for reference purposes to obtain an approximation of normal whole blood ChE 
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activity. If A pH/hour 1.773, the addition of 0.912 and 0.861 (or A pH/hour 1.456, 
using Michel’s values), is regarded as 100% ChE activity, i.e., normal for the pur- 
pose of this comparison, then the sums of the mean plasma and red cell valaes in 
each group are shown in the Table expressed as a percentage of this figure and hence 


Electrometrie Test 
Blood 
Parathion Bromothymol Plasma Red Cell Normal Activity, % 
Concentration, Blue ChE Activity, ChE Activity, 
y/ ML. Sample Color Test pH, Hr. A pH/Hr. 


Control - Amber 1.150 1,020 
Amber 1.000 0.890 
Amber O.910 1.050 
Amber 0.960 0.940 
Amber 0.667 0456 
Amber 0.780 
Amber O.810 
Amber 0.576 
Brown 0.606 
Brown 0.657 
Brown 0.636 
Brown 0439 

Olive brown OARS 

Olive brown 0.525 

Olive brown 0.495 
Brown 0.3387 

Olive brown 0.286 

Olive green 0.367 

é Olive green 0.387 

D-5 Olive green 0.326 

B46 (ireen 0.152 0.009 

C4 (Cireen 0.066 

D4 Green 0.110 0.047 


twrets 


* Combined plasma and erythrocyte ChE activity, based on our values for normal.? 
+t Combined plasma and erythrocyte ChE activity, based on Michel's values for normal.’ 


TABLE 3.—Comparison of Observed Colors in Vitro (BTB Method—Whole Blood) vs. 
4 pH per Hour (Electrometric Method—Plasma and Red Cells)* 


Per Cent of Normal 
 pH/Hr. Plasma plus Red Celis } 
Color Plasma Red Cells Plasma Red Cells 3 
Amber 
0.576-1.150 0.417-1.050 63-126 48-122 
Average OBIS 
Brown 
O.337-40.657 0.132-0.539 15-63 
Average 0.343 f 0 
Olive brown 
0.286-0.525 0.066-0.355 S41 
0.226 26 


0.3264), 387 6.113-0.218 13-26 
0.360 O.154 1s 


0.110-0,19 0.009-0 066 1-8 
0.041 j 
* Same blood samples as in Table 2, inhibited in vitro with parathion. 
+ Data in this column based on individual subject plasma plus red cell values, rather than showing the 
range of lowest plasma plus lowest red cell to highest plasma plus highest red cell values, 
$} Based on our values for normal.? 
§ Based on Michel's values for normal. 


of normal ChE activity. Arithmetically, this same percentage figure is necessarily 
obtained by calculating the average of the arithmetic means, expressed as per cent 
of normal, for both the plasma and red cell values in each color group. 
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107 130 
111 135 
107 131 
63 7 
105 
112 
68 
65 
67 S82 
638 76 
37 45 
40 
60 
a 62 
26 4 
27 83 
42 
26 81 
4 
18 
9 
Olive green 
(ireen 
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These per cent figures compare with similar data given by Limperos and Ranta 
for the corresponding end-point colors of the BTB test, as follows: amber, 102% 
(124% Michel); L & R (orange), 100%; brown, 86% (105% Michel); L & R, 
75% ; olive brown, 74% (90% Michel) ; L & R, 50%. 

Inasmuch as the in vivo test (Table 1) showed no BTB end-point colors in the 
green and olive-green ranges and relatively few tests exhibiting an olive-brown 
color, four separate blood samples were treated with technical parathion in alcohol 
solution in the indicated concentrations, resulting in various degrees of ChE activity 
inhibition, The individual results of this test series are given in Table 2 in which 
the BTB end-point colors have been matched with the corresponding A pH/hour 
and per cent of normal ChE activity values. 

In Table 3 numerical data from the electrometric section of the same series of 
tests used in Table 2 have been summarized under the corresponding colors found 
in the BTB test to show the range and the average ChE activity for plasma and 
erythrocytes (treated separately ), as well as the range and the average of the plasma 
plus red cell ChE activity as found in individual blood samples which gave the 
indicated color in the BTB test. 


INTERPRETATION OF RESULTS 


It is of value to have a preexposure test on all persons working with cholin- 
esterase inhibitors, since there is a rather wide range of normal human ChE activity. 
(In terms of A pH/hour, the range of variation of the normal curve for plasma is 


0.442 to 1.377 and for red blood cells, 0.527 to 1.207.*) 


Since there are many persons whose normal ChE activity is in the lower portion 


of this wide range, any single low value, i. e., olive brown or brown, without the 
benefit of a preexposure test, may or may not indicate a mild depression of ChE 
activity. Thus, there is a significant percentage of persons with normal ChE activity 
who may have a brown or even an olive-brown end-point color with the Limperos 
and Ranta test. Without the benefit of a preexposure level, it cannot be determined 
with the results of a single test whether one is dealing with a low normal or a mildly 
depressed ChE activity. So also there are normal persons with ChE values in the 
higher portion of the normal range who may have a mild depression of ChE activity 
and still show an amber test. 

Because no clinical illness attributable to a ChE inhibitor is ever seen in persons 
within the range of activity indicated by a brown or olive-brown test, one may 
argue that it is unimportant to differentiate between the normal and the mildly 
depressed activities. This is a dangerous point of view for several reasons. 

If a person has been exposed to a ChE inhibitor and this fact and/or the manner 
in which exposure occurred are not known, further exposure may very well con- 
tinue to take place unnoticed. If this should be the case with an inhibitor whose 
effects are irreversible and for which recovery time is lengthy, frequent or repeated 
small exposures may result in a dangerous degree of Chlé depression before the 
exposure is discovered. Also, and this is especially true with the inhibitors having 
an irreversible effect, it takes a proportionately smaller exposure to result in serious 
illness in one whose ChE activity is already reduced than it would in a normal 
person. 

If an olive-brown or brown test result is observed in a person for whom there 
is no preexposure test, he can be removed from further possible exposure by change 
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of job, and his blood ChE activity rechecked after several days. The results of this 
repeat test should indicate whether or not exposure to a ChE inhibitor had occurred. 
An alternate approach in all,zases in which a brown or olive-brown result is obtained 
by the Limperos and Ranta method is to recheck the blood by the Michel electro- 
metric method or a modification thereof, unless the same end-point color was noted 
in a preexposure test of the person, indicating that his normal ChE activity is in this 
range. 

The olive-green and green test results, of course, indicate an abnormally low 
ChE activity. This person should be removed from further possible exposure by 
change of job or otherwise and should be rechecked at intervals until his ChE 
activity returns to normal before being permitted to return to activities where 
possible exposure to ChE inhibitors exists. It stands to reason that the cause of such 
an abnormally large exposure should be determined to avoid recurrences. 


CONCLUSIONS 

The above in vivo and in vitro studies correlate the end-point colors of the 
Limperos and Ranta BTB test® with different degrees of blood ChE activity, 
showing values ranging from near 0 to 100% activity. Especially if one regards these 
colors as representing a “range” of ChE activity, rather than a fixed per cent of 
ChE activity, then one has in this test a valuable tool for quickly and easily screen- 
ing persons who may have been exposed to a Chie inhibitor. 

Not only is the actual method simple and rapid, but the equipment and reagents 
required are few, inexpensive, and easily obtained. 
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ENDOCRINE FUNCTIONS IN SILICOTICS 


JIRI VYSKOCIL, M.D. 
BRNO, CZECHOSLOVAKIA 


ILICA is the primary agent which produces fibrosis in silicotic lungs. Many 

authors add another causative agent, that of tuberculous infection, and consider 
this the main cause of fibrosis. In many papers the pathogenesis of silicosis has been 
studied from the point of view of the effect of silica and its compounds on lung 
tissue as well as its fate in the lungs and its final elimination. Only a few papers 
report the participation of the organism and the changed reactibility of its parts to 
the genesis of fibrotic nodules. It is seen that not all miners develop silicosis, that 
the grade of fibrotic reaction does not correlate with either the amount of silica 
deposited in lungs ' or the length of exposure, and that fibrosis develops also in other 
types of dusty lungs. Schiller * suggests that the tissue reaction to silica, as well as 
to tuberculosis, is not specific. This is in agreement with the opinion of Selye * that 
cells react similarly toward different impulses. 

In experimental animals the tissue reaction to silica administered either intra- 
peritoneally or intratracheally can be influenced by various hormones. Magarey and 
Gough * studied the effect of cortisone on the reaction to quartz administered into 
the peritoneal cavities of rabbits, rats, mice, and guinea pigs. Cortisone retards the 
growth of granular tissue in mice, rats, and rabbits. Silicotic nodules in rabbits 
treated with cortisone were different from those in a control group of untreated 
animals: The silicotic nodule consisted of a quartz center surrounded by a dense 
collagenous layer which lacked a cellular zone and fibroblasts. Instead, there 
developed a fine diffuse connective tissue made up of loosely packed fibers and 
thin-walled capillaries. These investigators were unable to detect any reduction of 
collagen even with large doses of cortisone. However, the absence of cellular zones 
around the nodules in animals treated with cortisone suggests a retarding effect of 
cortisone upon further fibroblastic proliferation. By the use of cortisone, Harrison 
and co-workers ° influenced the development of silicosis which was produced in rats 
by an intratracheal injection of quartz dust. 

In these experiments, cortisone modified the development of silicosis with regard 
to both area and distribution. Thus further formation of large whorls and silicotic 
nodules was stopped. The evidence pointing to the inhibition of fibrosis was not 
clear. Schiller * tried the etfect of other hormones upon silicotic granular formation 
in white mice following an intraperitoneal injection of finely powdered quartz. 
Cortisone, estrogens, insulin, and thyroxine showed an inhibitory effect, while 
desoxycorticosterore acetate and testosterone propionate increased the formation of 
connective tissue. 


* References 4 and 5 
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The question which now arises is: In what way can the physiological mechanism 
in man, with all its variations in humoral secretions and its integrating nervous 
system, influence the production of pulmonary fibrosis? Is silicosis an adaptation 
illness? Is it due to an excess or a lack of hormones, to a lack of equilibrium between 
the adrenocorticotropic hormone and glucocorticoids, on the one hand, and the 
growth and electrolytic hormones, on the other, or can quartz in some peculiar way 
of its own, perhaps combined with tuberculosis, alter the tissue susceptibility toward 
desoxycorticosterone acetate, glucocorticoids, and the growth hormone? 

The depressing influence of cortisone, the estrogens, insulin, and thyroxin upon 
fibrotic proliferation, which has been demonstrated in animal experiments, in con- 
trast to the stimulating effects of desoxycorticosterone and testosterone, surely 
cannot lead to the conclusion that silicosis can be due to the lack or the excess, 
respectively, of those hormones. Charvat * seems to be more correct in his opinion 
that in such experiments it was more likely a result of the pharmacologic effects 
of overdosing than one of hormonal effects, with physiologic response of the con- 
nective tissue. It would seem necessary therefore to examine silicotic patients with 
regard to their endocrine functions and to look for deficiencies in hormonal secre- 
tion. This promises to reveal to what degree the hormonal activity of the affected 
organism might be held responsible for the increased fibrotic reaction, and it may 
also show in what manner the hormonal activity was influenced by silicosis. This 
clinical approach has constituted the basis of our study. I began by being well 
aware of the fact that the endocrine picture of a silicotic patient as | had obtained 
it might well be altered by the pulmonary disease which already existed, as well as 
by other dysfunctions, particularly hypoxia. Therefore, an inquiry into the patho- 
genesis of silicosis could be conducted properly only by examining the persons 
before their exposure to dust. | am also aware of not having examined the nervous 
system, which considerably affects tissue reactibility. Serafimov * found in silicoties 
an altered neurovegetative regulation. Some authors have already studied the hor- 
monal levels in silicotics. Raule and Grisler® found a decreased 17-ketosteroid 


excretion. Raule and Gobbi '’ found a decreased excretion of pituitary gonadotropins 
by the method of Varney and Koch. Raule '' concluded that depletion of the adrenal 
cortex is the result of chronic tiredness, toxic effect of quartz dust, and hypoxia 
from stress. In this paper I have attempted a more detailed and complex examina- 
tion of the endocrine picture in my group of patients. 


GROUP OF PATIENTS EXAMINED AND METHODS EMPLOYED 

Fifty-one persons with different grades of pulmonary fibrosis were examined. 
This number included 49 men and 2 women. The average age of the men was 51 
years, of the women 53 years. The majority consisted of anthracite miners (41 
persons), with 3 more persons from surface quarries, 2 sand blasters, 2 women 
glazers from a glazing pottery works, 1 grinder of files, 1 foundry worker, and 
1 worker from a sand deposit. The average length of exposure was 27 years (10 to 
42 years). The roentgenologic examination revealed in 9 cases reticulation; in 
14 cases nodulation ; in 19 cases confluent massive fibrosis of the pseudotumorous 
type, with nodulation in the rest of the pulmonary tissue; in 3 cases confluent mas- 
sive fibrosis without nodulation, and in 6 cases active silicotuberculosis. 

The whole group was examined from the endocrinologic point of view. I studied 
the red cell count, white cell count with differential count, erythrocyte sedimenta- 
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tion, the urine and the sputum by microscopy and culture. Thymol turbidity tests, 
Weltmann reactions, serum cholesterol levels, and pulmonary function examinations 
by timed vital capacity were done. In some patients the ventilation deficit after 
exercise was determined. | examined the level of neutral 17-ketosteroids in 24-hour 
urine specimens photometrically by the method of Drekter and associates. The 
Zimmermann test was done in alcoholic medium, with the use of potassium hydroxide 
protected with ascorbic acid. Photometry was conducted at 540 mp and corrected 
for urinary chromogens (Hovorka and Krajtlova'*). The urine was further 
examined for acid, ethanol-labile phosphatases, viz., those which lose their activity 
after addition of alcohol. A glycerin-phosphatase substrate was employed and the 
results calculated in Bodansky units. Walsh-Robinson-Kepler tests were also per- 
formed. The Thorn test was performed routinely after epinephrine administration 
(0.3 mg.). In cases with insufficient reaction toward epinephrine, the test was 
repeated after the administration of corticotropin (25 mg.). The eosinophile level 
was checked before the administration of epinephrine or corticotropin and at 20 
minutes, and two, four, six, and eight hours after administration. 

After eight hours the eosinophile level in almost all patients returned to the 
original resting level. This finding ensured the fact that the patients were not under 
stress before the examination. In all patients glycemic curves were recorded after 
the administration of 0.3 mg. of epinephrine in time intervals of 0, 30, 60, and 120 
minutes and of insulin intravenously (0.1 unit per kilogram of body weight) in time 
intervals of 0, 20, 30, 45, 60, 90, and 120 minutes, and in 20 patients after dextrose 
administration (1.25 gm. per kilogram orally) in time intervals of 0, 30, 60, and 120 
minutes. The glucose level was studied colorimetrically by the preparation of a 
colloidal Berlin blue solution with the use of double calibration at two wave lengths 
( Hovorka and Krajtlova '*). 

In all patients a roentgen examination of the sella turcica was conducted. The 
patients remained in the clinic about a week. 


EXAMINATION RESULTS 


During the examinations I often noted a rather pronounced asthenia, little 
subcutaneous fat, and signs of hypoandrogenia and positive thyrotropic activity. 
Fourteen persons had very little subcutaneous fat (27% ). Weight checking of these 
patients revealed an average difference between the height in centimeters minus 
weight in kilograms minus 100 = —1.8. The frequency of hypoandrogenous evi- 
dence was interesting. By hypoandrogenia I mean underdeveloped gonads, e. g., small 
and weak testes, weak muscle turgor, weak and thin hairs especially in the axillae, 
and lowered sexual activity. Such evidence was found in 20 persons (41%). In 18 
cases (35%) there was evidence of a slightly increased thyrotropic pituitary func- 
tion. This was manifested by an enlarged thyroid of either the diffuse or the nodulous 
type, often with ophthalmic signs, such as abnormally shining eyes and lid retraction 
with Graefe syndrome but without evidence of thyroid hyperfunction in the periph- 


ery. On the contrary, there were hypofunctional signs, such as dry coarse skin, dry 
hair, bristling eyebrows, and broad tongue. A somewhat more marked hypofunction 
of the thyroid was found twice (4%). In none of the patients did I see evidence 
of thyroid hyperfunction. 
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In laboratory examinations there were no remarkable deviations in either the 
red or the white blood cell counts. In four cases the erythrocyte count was below 
4,500,000 and in seven cases abeve 5,250,000. The mild polycythemia may have 
been due to hypoxia. Red cell sedimentation rates above 20 mm. in one hour were 
found in 10 cases. 

In checking the cholesterol level, which is perhaps the basis of the steroid hor- 
mones, | did not find either excessively high or low values. The average was 201 
mg. per 100 cc. of cholesterol in the blood plasma (lowest, 133 mg.; highest, 276 
mg.). In silicotic patients I have often found in the center, especially in the necrotic 
cavities of massive fibrosis, cholesterol crystals. This seems to be a local reaction 
of the diseased tissue not caused by any increased cholesterol level in the serum. 

The secretion of androgens was determined by the total neutral 17-ketosteroid 
levels in urine. Taking into account the fact that few androgens and N-corticoids 
only are metabolized into 17-ketosteroids and that even that decreased amount is 
subject to changes due to the functions of the liver, the kidneys, and other organs, 
the 17-ketosteroid level in urine shows the approximate secretion of androgens 
by the testes and of N-corticoids by the adrenal cortex. A decreased 17-ketosteroid 
excretion was found in silicotic patients, with an average of 10.1 mg. (lowest, 
2.5 mg.; highest, 21.1 mg.) in 24 hours in men and 3.3 mg. in 24 hours in 
women. The examination of a control group of 18 patients of similar ages (arith- 
metical mean was 52 years) gave higher results (14.0 mg. in 24 hr.), which agreed 
well with data published elsewhere (14.15 mg.). The control group consisted of 
persons hospitalized for minor ailments of the eye which imposed no considerable 
stress on the organism. They were ward patients lying in bed; consequently the 
17-ketosteroid determination in the two groups was done under comparable con- 
ditions. In statistical evaluation by the Fisher ‘‘t’’-test, the decreased 17-ketosteroid 
excretion value was proved of statistical significance (P <0.01). In 24 hours, 23 
men (47%) excreted less than 9.5 mg. of 17-ketosteroids, which is the arithmetical 
mean of the control group —le. This decreased 17-ketosteroid excretion in silicoties, 
need not necessarily have been caused by a lowered secretion in the organs proper ; 
it may be due to a deviation in their metabolism which, in turn, may be the result 
of a functionally less efficient liver, as | shall have occasion to point out further on. 

In a detailed inquiry into the results, | was unable to find more decreased 
17-ketosteroid excretion levels among persons who had deviations in the Weltmann 
reaction, thymol turbidity test, palpation liver examinations, and glycemic curve 
after epinephrine administration than among the rest of the silicotic patients with 
no such abnormalities. Impaired liver function in silicotics probably has some effect 
on the 17-ketosteroid excretion though not a marked one. One silicotic patient with 
a decreased 17-ketosteroid excretion was given 25 mg. of testosterone propionate 
daily. In cases of altered liver function, the 17-ketosteroid excretion level should 
not normally increase in such an abrupt manner as in hypogonadism and panhypo- 
pituitarism.'* But in one of my cases the 17-ketosteroid excretion increased from 
a range of 4.4 to 6.8 mg. in 24 hours to 12.4 mg. in 24 hours; it amounted to 11.8 
mg. in 24 hours during the following days. This result cannot be interpreted as 
clear-cut evidence of either a liver dysfunction or a mere hypofunction of the gonads, 
the N-corticoids, or the pituitary. 

The decreased 17-ketosteroid excretion agreed best with the patients’ complaints 
of not being able to sustain sunshine or indeed excessive warmth of any source. 
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In some persons with these complaints (82%) | found a decreased 17-ketosteroid 
excretion, below 9.5 mg. in 24 hours. The decreased 17-ketosteroid excretion was 
further roughly parallel with an increased sedimentation rate (above 20 mm. in 
one hour in 10 cases), with a low systolic blood bressure (11 cases below 110 
mm./Hg), and with a reduction in timed vital capacity, especially in those cases 
in which lung elasticity had been disturbed by emphysema. 

Information about the function of the suprarenals and the gonads can be gained 
by the method of assessing ethanol-labile phosphatases in urine.t In the silicotics 
examined by me | found no decreased excretion. The arithmetical mean of ethanol- 
labile phosphatases, as expressed in Bodansky units (B. U.), was 770 in men, which 
is the normal for healthy persons. The control group of men (n = 18) of the same age 
had 830 B. U. Low values, 250 B. U., were found in rather run-down patients with 
pronounced hypoandrogenous signs and lowered sexual activity. In some cases the 
low excretion of ethanol-labile phosphatases ran parallel with a very much decreased 
17-ketosteroid excretion, but I was unable to prove the statistical significance of this 
phenomenon. I determined also the relation between ethanol-labile phosphatase 
excretion in the morning urine, between 6 and 9 o'clock and again during the 
remaining 21 hours. The relatively lower excretion of ethanol-labile phosphatases 
in the first morning fraction-of the urine had no correlation with any other hypo- 
androgenous evidence, lowered sexual activity, or 17-ketosteroid excretion. In the 
two women | found a B. U. value of 176, which is physiologically within normal 
limits (examination was done during the intermenstruum). 

Examination by the Thorn test after the administration of epinephrine gave 
abnormal results in six cases (12%), indicating that in these cases the fall of 
eosinophiles in the blood did not reach 50% of the original level. This could be 
interpreted as evidence of disturbed function either of the 1l-oxysteroids in the 
suprarenal or of the pituitary, the hypothalamus, or even the higher centers of the 
central nervous system. Corticotropin was given in these abnormal cases in order 
‘to exclude the whole of the system superior to the suprarenal ; as a result there was 
obtained a low fall of eosinophiles in two cases. In these two cases | seem to have 
been correct in assuming a decreased suprarenal glucocorticoid secretion. However, 
in one patient | obtained, after three days of repeated corticotropin administration, 
a normal response to the Thorn test. The glucocorticoid secretion in this patient 
evidently was not disturbed in any significant manner. The rare abnormal results of 
the Thorn test in my patients differ from the results of Raule and Gobbi*'® and 
Raule and Grisler,” who found abnormal Thorn test values much oftener. The 
resting circulatory eosinophile level was above normal in one case only (300 eosino- 
philes in 1 cc.) ; hence I was unable to confirm the findings of Habeeb,’® who found 
eosinophilia in 51% of his silicotic patients. 


In the Walsh-Robinson-Kepler test, which supplies information about the regu- 
lation of water and salt economy, abnormal results were found in 12 cases (24%). 


In comparing three tests—the Thorn test, the Walsh-Robinson-Kepler test, and 
the neutral 17-ketosteroid excretion—I was unable to find a common relationship 
among the abnormal values. When one of the tests gave abnormal results, the two 
remaining tests were often normal. 


+ Silink, K.: Personal communication to the author. 
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The blood glucose level in silicotic patients was normal. In all patients glycemic 
curves were recorded after epinephrine and insulin administration and in 20 patients 
after the administration of dextrose in an attempt to gain further knowledge about 
carbohydrate metabolism, which is influenced by the action of kormones that speed 
up or slow down the enzymatic processes important for the basic metabolic function. 
But it is certain that the basic enzymes are in themselves capable of handling and 
metabolizing glucose, without the participation of hormones (Soskin) and that 
metabolism is controlled also by the nervous system, especially the autonomic 
nervous system, and so Simon '* thinks the glycemic curves recorded after insulin 
are informative only of the vegetative tone. The most important regulating mecha- 
nism of blood sugar concentration is the liver. It is supported in its action by some 
of the endocrine glands, mainly the adrenal cortex through its 11-oxysteroids, which 
convert the deaminized amino acids into glycogen and depress the glucose utilization. 
Other mechanisms are the center of the suprarenal, which mobilizes liver glycogen ; 
the pancreas, which through insulin increases the glycogen deposits in muscles and 
perhaps causes an increased use of glucose by the peripheral tissues and/or inhi- 
bition of hepatic gluconeogenesis ; the anterior pituitary, which through its adreno- 
corticotropic hormone acting through the 1l-oxysteroids and through the growth 
hormone affects the utilization of glucose, and the thyroid, which acts through its 
hormone thyroxine indirectly on the carbohydrate metabolism by its influence on 
the general metabolism, on the utilization of proteins and fats, and on glucose absorp- 
tion by the intestines and through its capacity of altering the liver function. Clearly 
the nerve and hormonal blood glucose regulation is very complicated; hence in 
interpreting the changes in glycemic curves after various stimuli one must be 
extremely careful. 

In examining the glycemic curves recorded after epinephrine administration, 
I was rather surprised at their general flatness for almost all my patients. Blood 
sugar level after 0.3 mg. of epinephrine rose on the average 29% in comparison 
with the resting level. In 20 cases (39%) | found a retarded peak, appearing only 
an hour after the epinephrine injection, In 25 cases (49%) | found a depressed 
(less than 25%) rise of blood glucose after epinephrine injection. Epinephrine 
causes mobilization of the liver glycogen, and Kinsell and associates '’ consider 
hyperglycemia following epinephrine administration to be an index of liver function. 
In my cases the flat curves recorded after epinephrine ran parallel with a slightly 
enlarged liver and an increased thymol turbidity; consequently I am inclined to 
agree with the views of Kinsell and his associates. But I still think that the glycemic 
curves obtained after epinephrine are subject to the influence of the pituitary. 

In determining the glycemic curves after insulin administration, | found in 14 
cases (30% ) a delayed return to the original resting blood glucose level. This points 
to a lack of factors mobilizing glucose. Such an insufficiency might be inherent in 
the constitution of some of the patients who were rather thin. Winkler and Walter '* 
showed that the pyknic stands insulin shock better than the leptosomic. These 
authors consider this to be due to a constitutionally different reaction of the whole 
contrainsulin system. In three cases I found a lower hypoglycemia following insulin 
than was normal. 

Glycemic curves were recorded after dextrose administration in 20 cases only ; 
in 9 of them (45%) there was a retarded hyperglycemic peak, while in half of these 
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cases the return to the original level was also delayed. This form of the curve also 
may indicate a disturbance of liver function. In two cases (10% ) the glycemic curve 
obtained after dextrose was very flat. 

The sella turcica was examined roentgenologicaily in all patients. I found no 
significant difference in either its dimensions or its configuration. 

In studying liver function by the Weltmann reaction I found a shift to the right 
in 40% of the examined patients ; by the thymol turbidity test there was an increase 
above 5 units in three cases (6%). The liver was palpably enlarged in 11 cases 
(21%). | was unable to detect any correlation between these pathological results 
and the neutral 17-ketosteroid excretion. 

But positive correlation was found between those results and the flatness of the 
glycemic curves after epinephrine. The disturbances of liver function may be due to 
the transport of silica dust by the lymphatics from the lungs, exhaustion by chronic 
inflammatory processes, influence of the gastrointestinal tract, which is affected in 
silicotics (as shown by Dvizkov'"), and possible blood stasis from right heart 
insufficiency. 

The pulmonary function examination by the method of time expiration of vital 
capacity of Kadlec and Vyskocil ¢ yielded an Jyx = + 0.28 (from — 3.7 up to 
+1.8). 

This method consists in registering the expiration of vital capacity on a revolving drum, 
where it appears in the form of a curve; its contour indicates the mechanical ventilation capacity 
of the lungs. In healthy persons the curve is a straight line at the beginning, with a break (fall) 
which appears toward the second third of its course. In persons with emphysema the break occurs 
directly at the beginning of the expiration, which makes the method suitable for diagnostic 
purposes. It is very objective and shows the patient’s cooperation, as in repeating it several times 
it should always be the same and typical for every patient. The curves are evaluated by the term 
Iy«x (index of vital capacity) computed from the relation between vital capacity and the line 
vital capacity, e. g., that which is expired at a constant speed and from the time in which 1 
liter of air is expired. 

An impaired pulmonary mechanical ventilation capacity was concomitant with 
a depressed neutral 17-ketosteroid excretion, abnormal results of the Walsh-Robin- 
son-Kepler test, and flat glycemic curves after epinephrine. Persons with the typical 
emphysematous curve usually had a flat glycemic curve after epinephrine and 
decreased neutral 17-ketosteroid excretion. These typical emphysematous curves 
were encountered most frequently in persons with the severest degree of silicosis by 
roentgenologic examination. 

All roentgenologic pictures were ranged according to the severity of the disease, 
from the reticular form of the dusty lung through coarser and denser nodulation up 
to massive fibrosis. | tried to find some evidence of hormonal disturbance which 
would correlate with the severity of the roentgenologic findings. A similar attempt 
was made with silicosis complicated by an active tuberculous process and massive 
fibrosis without nodulation. The result was rather discouraging. Clearly all silicotics, 
however different the grade of fibrosis present, suffer from about the same damage 
to their endocrine functions. Still, in the classification of silicotics into groups 
according to the different roentgenologic pictures as given in the Table, I could not 
fail to notice that in the reticular form there were only a few persons with very 


t References 20 and 21. 
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little subcutaneous fat and few men with hypoandrogenous signs. The neutral 
17-ketosteroid excretion in this group was the highest of all (on the average 11.8 
mg. in 24 hours), and the blood glucose rise after epinephrine was below 25% of 
the original level in only 33% of cases. In the silicotuberculous group I found the 
largest number of significant Walsh-Robinson-Kepler test results and Thorn test 
results. The highest average of excreted ethanol-labile phosphatases, the largest 


Survey of Endocrine Function Examinations of Silicotics 


Confluent Massive Fibrosis 
ou 
Type of Dusty Lung by Reticu- Nodu- With Without Aetive Silico- 
X-Ray Examination lation lation Nodulation Nodulation tuberculosis Total 
Number of patients............... 9 f 3 5 | 
Age, yr. (arith. mean) f 51 
Exposure duration, yr. (arith. 
mean) 2 2 27 31 : 27 
Subcutaneous fat lacking 7 3 (16%) 1 (338%) 3 14 (27%) 
Hypoandrogenous marks 1 (11%) 8 (66%) 8 (42%) 0 3 (50%) 26 (14%) 
Signs of slightly increased thyro- 
tropic pituitary funetion 3 (338%) 5 (36% 8 (42%) 2 (66%) 1s (35%) 
Hypofunetion of thyroid 
periphery 1 (11%) , 2 (4%) 
Height (em.)— weight (ke.)— 100 
(arith. mean) +14 —2, 2. 8: —1.8 
Cholesterol in mg. per 100 ce. 
(arith. mean) 206 205 2 201 
17-ketosteroids in mg./24 hr. 
(arith. mean) 9.5 101 
17-ketosteroids in mg./24 hr. < 9.5 
mg. (arith. mean of the normal 
9 (47%) 2 (66%) 2 (38%) 23 (47%) 


765 14” 598 770 

Pathological Walsh-Robinson- 

Kepler test 1 (5%) i) 3 (0%) 12 (24%) 
Pathological Thorn test after 

epinephrine 2 0%) 0 2 (338%) 6 (12%) 
Pathological Thorn test after 

corticotropin Ne 1 (5%) 0 2 (4%) 
Glycemie curve after epinephrine 

in per cent rise (arith. mean)... 3: { 31 31 y 29 
Blood glucose rise after 

epinephrine 3 (338%) 7 (0%) & (42%) 1 (33%) 25 (49%) 
Glycemic eurve after epinephrine 

with retarded return 2 (22%) 4 (31%) 6 (33%) 1 (33%) 25% 14 (30%) 
Glycemic curve after dextrose 

with retarded peak (nm = 20).... 0 3 (66%) 5 (6%) 1 (100%) 9 (45%) 
Weltmann reaction shift to right 

6 (66%) 7 (44%) 2 (6%) 15 (40%) 
Thymol turbidity test greater 

than 5 units 0 2 0%) 1 (338%) 3 (6%) 
Liver palpably slightly enlarged. J 5 (36%) 3 (16%) 1 (33%) 1 (7%) 11 (21%) 
Time expiration of vital capacity 

(/v«) (arith. mean) A +0.22 0.04 +0.6 +1.16 +0.28 


* Number of patients includes two women. Arithmetical means were calculated from the determinations of 
17-ketosteroid excretion, ethanol-labile phosphatases, and somatic hypoandrogenous marks, together with per 
cent of pathological cases from na 12. Ethanol-labile phosphatases in women were 176 B. U. (arith. mean) 
during the intermenstruum; 17-ketosteroids in urine were 3.3 me. in 24 hours (arith, mean), 


portion of flat glycemic curves recorded after epinephrine, and the greatest differ- 
ence between body height and weight were also found in this group. 

The comparison of abnormal test results with type of work did not show any 
statistically significant difference (in a small group) between the largest group, 
consisting of miners (m = 41), on the one hand, and other kinds of workers, on 
the other, though persons working with pure silica seemed to suffer greater dis- 


turbances of their endocrine functions than did miners. 
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CONCLUSIONS 


As can be seen, changes in mineral corticoid secretion, in glucocorticoids, and in 
blood sugar regulation were frequent findings in my group of patients. These results 
may well be evidences of hormonal changes but quite as well of changes in the liver 
and nerve functions. Similar results were also found in other severe chronic illnesses, 
such as the tuberculous processes and some collagenous diseases (progressive arthri- 
tis). Caplan ** and Martin and Fallet ** found silicosis often combined with rheu- 
matic polyarthritis. Very striking is the agreement of my results with results in 
allergic diseases, where Eriksson-Lihr ** met (with the exception of more patho- 
logical Thorn test results) with the same endocrine function disturbances as I did 
in the case of silicotics. 

I cannot conclude simply that silicosis is an endocrine disease, implying from 
some of the different endocrine functions that it is insufficiency in these functions 
which causes the fibrotic growth. Such a statement would require examinations 
of persons about to enter a job with dusty exposure. Examinations to this purpose 
would exact finer methods than biochemistry offers today, because a wider spectrum 
of fine distinctions in the hormonal activity would be necessary. The least require- 
ment is a qualitative as well as a quantitative determination of the individual frac- 
tions of neutral 17-ketosteroids which give low results in silicotics. Results of the 
endocrine function tests, as found in my silicotic patients, are illustrative of rather 
advanced endocrine disturbances and changes suffered by an organism already under 
the burden of a severe and prolonged disease. Upon finding evidence in silicotics 
of a decreased androgen and mineral corticoid secretion, we are not justified in 
saying that silicosis is due to a lack of these substances and expect an alleviation 
of the disease by administering them. 

We saw in an above-cited study conducted on animals how such administration 
of testosterone and desoxycorticosterone brought about an increased fibrotic response 
provoked in the first instance with silica. I stated that silicosis could not have 
developed because of lack of substances which exercise a beneficent influence upon 
silicosis (corticotropin, cortisone, insulin, and thyroxine), since those were admin- 
istered in excess and their effect was pharmacological rather than physiological. 

Sut | suggested that silicosis is a disease developing under the influence of the 
individual constitution ; the fibrotic growth is enhanced by a lack of balance among 
the various hormones, rather than by their absolute excess or want, and by dynamic 
changes in their secretion, which occur both in short spurts resembling waves and 
in longer periods throughout the whole term of the illness. 

Taking into account all our present knowledge about inflammatory reactions and 
their response to hormonal treatment, as well as my own results gained by estima- 
tions of the ultimate hormonal state of silicotic patients, | suggest the following 
hypothetical pathogenesis of silicosis: Silica deposited in the pulmonary tissue acts 
partly as a foreign element and partly toxically, as would any other aggressive, along 
the nerve and hormonal pathways on the development of inflammatory reaction 
around its deposits. This reaction is vascular (edema, diapedesis), cellular (fibro- 
blasts, histiocytes, plasmocytes), and fibrillar (collagenous fibers), according to 
Lichtwitz and associates.*° 

Silica exercises its influence by way of hormones on the lymphoid tissue and 
plasmocytes ; hyaluronidase and the proteolytic enzymes increase the inflammatory 
reaction. The freed histamine in tissue, the role of which is specially stressed by the 
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Soviet authors (Genkin and associates *"), affects the inflammatory reaction further, 
both directly and indirectly through epinephrine. The action of silica mediated 
through the nerves is either direct (Reilly) or indirect through epinephrine or 
arterenol. Epinephrine itself affects the hypothalamus, which, in turn, influences 
the pituitary gland secretion. The pituitary sensitizes (through its growth hor- 
mone) tissue reactivity toward desoxycorticosterone, which enhances inflamma- 
tion. Secretion of the pituitary adrenocorticotropic hormone causes secretion of 
11-oxysteroids, which, however, depress the inflammatory reactions and aid to 
combine antifibrinolysins with fibrinolysins. 

The connective tissue formation is influenced by testosterone together with the 
rest of the androgens. We can well imagine that in persons who tend to develop 
abrupt inflammatory reactions, and hence also rapid fibroblastic growths, there is 
a relative excess of desoxycorticosterone, growth hormone, and androgens, on the 
one hand, over the adrenocorticotropic hormone and 11-oxysteroids, on the other. 
But even in persons who possess no such imbalance the shift can be enforced by 
short-term stresses in the form of inhalation of large quantities of dust, additional 
inflammatory reaction in the lungs (often of tuberculous origin), and great physical 
stress, such as excessive heat, as we know to occur among miners. 

These short-term stresses can happen in a moment of great fatigue. An abrupt 
fibroblastic reaction can thus be enhanced both absolutely and relatively by a higher 
level of desoxycorticosterone, of growth hormone, and eventually also of androgens, 
on the one hand, and by both an absolute and a relative low level of anti-inflam- 
matory hormones (adrenocorticotropic hormone and the 11l-oxysteroids), on the 
other. Within a certain (rather long) period the desoxycorticosterone, growth 
hormone, and androgens, which are all necessary for the growth of tissue, are 
depleted, and thence there follow low secretion levels of all these substances in a 
fibrosis which is already well on its way. This means both exploitation of the secret- 
ing organs and an absolute low level of antifibrotic hormones. 

We can see now the important role of physical fatigue and additional inflamma- 
tion. Such inflammation, including that of tuberculous origin, in addition to making 
the elimination of silica very difficult, in addition to amassing a dusty pigment,$ 
and in addition to enhancing the change of pl in the tissue, causes a stress con- 
nected with nerve and hormonal shifts, so that the organism, which under normal 
conditions tends to master inflammatory reactions by fibrosis, changes the inflamed 


tissues into massive fibrosis. This is the reason that the tuberculous process pro- 
gresses in a different way in the silicotic lung than in the normal lung. This progress 
can be defined as having a greater tendency toward fibrosis than toward exudate, at 
least in the first stage, when the organism is net yet completely exhausted. 


Silica certainly is the primary agent producing silicosis, but an important role 
is played by the whole organism, with its varying tissue reactivity which is depend- 
ent on the central nervous system and on hormonal secretion. 

Several conclusions may be derived regarding the prevention and the therapy 
of silicosis. It is necessary to look for a constitutional factor in persons tending to 
develop increased fibrotic response after inhaling silica; such persons might be 
identified and excluded from the dusty type of work. 


§ Fingerland: To be published. 
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Silicosis already well under way can be beneficially affected by the administration 
of corticotropin and cortisone in small doses. Insulin can be given alternatively with 
corticotropin, Persons with thyreotrophic evidence should be given thyreoglobulin, 
which affects experimental silicosis beneficially. Testosterone, although adminis- 
tered to persons affected with silicosis complicated with tuberculosis by Raule and 
Grisler,** should be given, in my opinion, only to persons with an active tuberculous 
process ; it should not be given in cases of purely silicotic reactions because of the 
danger of enhancing the silicotic process. Important is the prevention of inflamma- 
tion, both the inflammation of bronchitis in the spring and autumn and that of 
tuberculous origin. I suggest the prophylactic administration of salicylates in spring 
and autumn, as these depress the inflammatory reaction and, as is the case with 
fibrotic rheumatic nodules, may also beneficially affect the silicotic nodules. 

Obranska 127, Brno, XIV. 
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Il. Distribution and Excretion of Vanadium in Animals 


N. A. TALVITIE, B.S. 
AND 


W. D. WAGNER, B.S. 
CINCINNATI 


NTEREST in the industrial toxicology of vanadium has been stimulated anew 

recently by two factors, the increased mining and milling of carnotite ore, of 
which vanadium is a major constitutent, and the handling of petroleum oils with 
a natural vanadium content. Inasmuch as knowledge of the distribution and the 
mode of elimination of metallic elements has proved often to be serviceable in evalu- 
ating degrees of worker exposure, the present reported information was obtained 
on animals from experiments designed with this objective in mind, namely, to show 
(1) the relative amounts of renal and intestinal excretion from measured amounts 
of parenterally administered vanadium from both single and repeated doses, (2) the 
rate of elimination by these two routes, and (3) the general distribution pattern 
of V in the body. To these ends, an analytic method was devised! by one of us 


(N. A. 'T.), because it was felt that former methods applied to this problem lacked 
the required precision. 


Ricciardi * has reported results of V distribution in tissues and in urine of 
animals from V administered in both anionic (metavanadate ) and cationic (vanadyl 
sulfate) form, but his colorimetric test yielded only qualitative, or at best semi- 
quantitative, results. Excretion of V by man following ingestion of daily doses was 
reported by Proescher and associates,* as was the distribution in animals; V was 
reported absent from many tissues, including bone, presumably because of the 
insensitivity of the analytic method used. Ballotta* some years later found that 
considerable amounts of vanadium were excreted by the intestine, and smaller 
amounts in the urine, of rabbits fed a vanadium ink (ammonium metavanadate and 
tannin). Semiquantitative results were obtained by this investigator. More recently 
Kent and McCance,’ using spectrographic methods, reported recoveries of vanadium 
averaging close to 90% of an intravenous dose of sodium tetravanadate injected 
daily for six days in two men. An average of 84% of the dose was recovered in the 
urine, 7% in the feces. 

This comparative lack of the type of information needed to judge either the 
suitability or the best manner of utilizing vanadium elimination for measuring 
degree of exposure has prompted the present study. This study is part of a larger 
program of toxicology of vanadium currently under way in these laboratories. 

From the Toxicology Section, Occupational Health Field Headquarters, Public Health 
Service, Department of Health, Education, and Welfare. 
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EXPERIMENTAL 


Rat—Single-Dose Excretion Studies—Three adult male albino rats of the Webster strain, 
weighing between 396 and 432 gm., were injected intraperitoneally with a single dose of 0.5 mg. 
V/kg. body weight as NaVO;.H:O made to a pH of approximately 7 in isotonic saline solution. 
The rats were kept in individual glass metabolism cages so constructed as to give good separation 
of urine and feces and to permit washing with dilute nitric acid to assure complete recovery of 
vanadium. Plastic screens served to retain the feces. Food and water were placed outside 
the collecting area and presented a negligible contamination problem through spillage. Collec- 
tions of excreta were made daily for 14 days; individual collections were analyzed for V content 
for each of the first 4 days; subsequently, 3- and 4-day collections were pooled for analysis after 
urinary volumes and fecal weights had been determined. One kidney was taken from each animal 
for histologic examination* at autopsy, and the remainder of the animal was retained for V 
analysis. 

Rat—Multiple-Dose Excretion Studies—For this study, four adult rats, weighing between 
294 and 320 gm., were injected intraperitoneally twice daily, at 10 a. m. and 4 p. m., for five 
consecutive days with sodium metavanadate solution in doses of 0.25 mg. V/kg. per injection, 
made up in the manner similar to that of single-dose injections; an additional rat served as a 
control and was injected with saline only. Collections of excreta were made daily for the first 
eight days; subsequently, three- and four-day specimens of individual animals were pooled for 
V analysis after the quantities of excreta had been measured. One kidney was taken from each 
animal for histologic examination at autopsy; the remainder of the animal was retained for V 
analysis. 

Rabbit—Multiple-Dose Distribution and Excretion Studies-—Three male albino rabbits, 
weighing between 3.07 and 3.49 kg., were injected intravenously twice daily for either four or 
five consecutive days, rested for two days, and then injected again for either three or four addi- 
tional days. At each injection the equivalent of 0.25 mg. V/kg. body weight was introduced in 
the form of a 0.4% solution of sodium metavanadate monohydrate in isotonic saline. In one of 
the rabbits, the dose was increased to 0.4 mg. V/kg. on the fifth day of injection and was main- 
tained at this level for the remainder of the experiment. The rabbits were placed in metal metab- 
olism cages, the bottoms of which were freshly painted with a plastic paint (Tygon type “K’’) to 
give a smooth surface that permitted washing with dilute nitric acid. Urine specimens only were 
obtained daily for V analysis. Six hours after the termination of the last injection, the animals 
were killed and the tissues reserved for spectrographic analysis. One kidney from each animal 
was taken for histologic examination. 


Preparation of Specimens for Analysis.—Urine specimens were wet-ashed in the presence of 
nitric acid on a hot plate as described by Talvitie.! The fecal specimens were ignited to a white 
ash at 700 C. in a muffle furnace. The complete body of each rat, with the exception of one 
kidney which was taken for histopathologic examination, was digested in an excess of nitric acid, 
and aliquots of the solution and supernatant fat were analyzed for V. 


Analytic Method.—The colorimetric method! that was used for the excretion studies was 
specifically designed to determine microamounts of vanadium in biologic material. The method 
depends for its sensitivity on the development of a magenta-black color with V and 8-hydroxy- 
quinoline in a purified chloroform medium. For the present use, a reference curve was prepared 
from a plot of the values obtained by adding known increments of V to normal rat urine. A 
spectrographic method ® was used for determining the distribution of V in soft tissues.t 


Analysts of Animal Food for Vanadium.—Five to 10 gm. samples of rat and rabbit food 
were dry-ashed and analyzed for their V content by the same method as was used for the excre- 
tion specimens. Rat food (Purina Dog Chow Checkers) was shown to contain 0.7 y V/gm. of 
food (0.7 ppm V); rabbit food (Purina Rabbit Pellets) was shown to contain 2.7 7 V/gm. of 
food (2.7 ppm V). The extremely low values of V in the urine and the measurable quantities in 
the feces of normal animals not treated with V are taken as evidence that the V in the food is 
largely unassimilable and probably originates in the milling. 


* Performed by Dr. Herbert Lansky, of the Clinical Section of the Occupational Health 
Field Headquarters. 
+ Done by Mr. R. G. Keenan, Chief of the Physical Analytic Unit. 
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Analysis of Vanadium Solutions for Injection.—Solutions prior to injection were analyzed for 
their V content and were found to agree with the designated dose. 


Treatment of Analytic Results —Because the food contained determinable amounts of V, it 
was necessary to obtain the V content of fecal and urinary specimens derived from dietary 
sources prior to injection. For the urine this amounted to 0.15 and 0.16 7 V/day as an average 
of four-day periods, respectively, for the single- and the multiple-dose experiments; for the 
feces, 11.22 and 8.48 y V/day, respectively. The urine of the rabbits before V treatment contained 
negligible amounts of V. To correct the rat urinary values, the above pretreatment values were 
subtracted from the total urinary V found during V administration. The rat fecal excretion 
values were corrected by subtracting from the total daily fecal V the product of the daily weight 
of the fecal ash during the experiment and the average concentration of V in the ash of the 
pretreatment feces. Thus, the fecal V of dietary origin was corrected, and the values in Tables 
1 and 2 accordingly represent only the V attributable to the injected doses. 

The total increase in V found by analysis of the urine, feces, and rat body varied from 82 
to 111% of the amount injected. A considerably higher degree of precision obtains in Charts 
1 and 2, not only because the data for the individual rats were averaged but also because the 
curves were computed as percentages of the total amount of V recovered rather than of V 


TasLe 1.—Excretion of Vanadium by Rats Following Single Intraperitoneal Injection 
(Dosage—0.5 Mg. V/Kg.) 


Rat 44 Rat 45 Rat 46 
Day Urine Feces Urine Feces Urine Feces 
Micrograms of Vanadium 

Bincsusnesoednsnseane 107.8 94 131.8 9.2 117.8 7.5 
244 74 24.0 12.6 12.2 13.4 
Divnseveesbitecsovdve 44 0.0 68 3.2 4.2 14 
Diddsdedipiivaniiesie 2.2 1.0 3.0 0.6 3.0 2.3 
3.1 3.5 5.2 43 3.8 1.0 
sdiivesecsacseves 15 2.9 2.8 2.7 2.2 3.7 
11 2.3 17 2.8 1.5 64 
144.5 26.5 175.3 35.4 144.7 35.7 

Remaining in rat... 17.5 22.5 30.0 


Total V recovered. . 188.5 233.2 210.4 


injected. In this way, deviations from the intended dosage which may have occurred during the 
injections were excluded entirely, and in all probability cumulative analytic errors were largely 
cancelled, 


RESULTS 

Rats—Excretion from Single Dose—Table 1 shows the absolute amounts of 
V in micrograms eliminated by the kidneys and intestines in daily intervals for the 
first four days after injection and for each three- or four-day period thereafter 
through the second week. Amounts of bodily retention at this time are also given. 
The values for the three animals show good uniformity. Greatest amounts of V 
were found in all cases in the first 24-hour urine specimens, sharply reduced amounts 
in the next 24 hours, and subsequently during the next 12 days only minor quanti- 
ties, amounting to from 0.6 to 2.9% of the total recovered V. Fecal elimination of 
V was far less in amount and was more variable than was the urinary excretion ; 
no collection interval yielded more than a few per cent of the total recovered V, 
with the greatest quantities appearing in the first two days. Analysis of the rat body 
at the end of the second week after administration showed appreciable amounts of 
V remaining. 

A graphic presentation of the elimination of V by kidney and intestine following 
a single intraperitoneal dose in the rat is given in Chart 1 in which the average 
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cumulative excretion is plotted as the percentage of the total injected dose. Elimina- 
tion is seen to occur initially at a rapid rate ; 61% of the V was recovered within the 
first 24 hours. Thereafter elimination occurred at a rapidly diminishing rate 


t 
RETAINED 


Vv m FECES 


VANADIUM 


eT 


OF T 


PERCENTAGE 


10 16 ‘18 
DAYS AFTER INJECTION 


_ Chart 1.—Average cumulative excretion of vanadium by rats following single intraperitoneal 
injection, 


TaBLe 2.—Excretion of Vanadium by Rats Following Multiple Intraperitoneal Injections 
(Dosage—0.25 Mg. V/Kg. Twice Daily for Five Days) 


Feces Urine Feces Urine Urine 
Micrograms of Vanadium 
7.0 62.1 2.5 77.0 61.0 
814 83.4 
88.6 5.7 76.4 
93.4 83.2 
W.8 . 90.6 
14.8 5. 17.8 
8.1 2. 9.5 
5.5 3. 74 
9.2 3.2 12.9 
6.5 3. 7 
54 . 5.2 
471.8 470.5 
Remaining in rat 
Total V recovered.... 


compared with the amount of V remaining in the body, From Chart | it may be 
seen that 11% of the V was still retained in the body after two weeks. Kighty-three 
per cent of the excreted V appeared in the urine and 17% in the feces. 

Histopathologic examination of the kidneys gave no evidence of renal damage 
related to treatment. 

Rats—Excretion from Multiple Doses—Table 2 presents the absolute amounts 
of V obtained by each route of elimination as well as the amount stored in the 
animal body and shows again that the greatest elimination of V occurs in the urine 
within 24 hours after injection, with abruptly smaller amounts eliminated 24 hours 
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after the final injection. The relatively smaller amounts of V excreted by the 
intestine were similar to those observed in a single injection, but, in general, they 
continued at a somewhat higher rate than in the single injection. 

Chart 2 presents the progressive excretion and the retention of vanadium fol- 
lowing multiple intraperitoneal injections. As was found in the single-dose experi- 
ment, total excretion during the first 24 hours following the first injection amounted 
to 61%. The rate of excretion increased with each superimposed injection so that 
86% of the last dose was excreted within 24 hours of injection. At the cessation 
of injections the rate of excretion of vanadium fell sharply, and two weeks after 
the last injection 12.5% of the administered dose was still retained by the rats. As 
was found in the single dose experiment, 83% of the excreted vanadium appeared 
in the urine. 


100 
Vv 
INJECTED V RETAINED 
2 80 V in FECES 
a 
a 
a 
4 60 
4a 
a 
40 | 
Pe V in URINE 
20 


1] 2 4 6 8 10 2 14 16 18 
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Chart 2.—Average cumulative excretion of vanadium by rats following multiple intra- 
peritoneal injections. The curves with circles (0) indicate actual values; the ‘“x’s” indicate 
values predicted from the single-injection curve. 


It was of interest to know the relationship of the excretion pattern of the multiple 
dose to that of the single dose; therefore, with the assumption that the individual 
injections of the multiple-dose experiment would follow the pattern of excretion 
of the single dose, a predicted excretion curve for the multiple dose was obtained 
by summation of the supposed excretion curves of the individual injections. As 
seen in Chart 2, the agreement between the predicted curve (indicated by x) and the 
actual curve is such as to show that the pattern of excretion is the same, whether 
the vanadium is administered as a single or a multiple dose. 

Histopathologic examination of the kidneys of these animals revealed some con- 
gestion of the renal parenchyma, with some cells showing cloudy swelling and 
protein casts in the convoluted tubules. A similar picture was seen in the one control 
rat, although to a slighter degree. The protein, however, in all treated animals was 
of such an amount as to be nonobstructive, and no damage was observed in the 
renal epithelium. The average body weight of the V-injected rats at the end of the 
study was 16 gm. greater than at the start (324 vs. 308 gm.) compared with 12 gm. 
gain for the control (306 vs. 294 gm.). 
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Rabbits—Excretion from Multiple Doses—The mode of urinary excretion of 
\V by rabbits (Chart 3) did not differ from that found with rats. The solid line 
represents the pattern of excretion expected from the rat studies, whereas the circles 
are the actuai data obtained with the rabbits. 
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Chart 3—Cumulative excretion of vanadium by individual rabbits following multiple intra- 
venous injections. The circles (0) indicate actual values; the solid line (—) representing V in 
urine was computed from rat excretion data. 


TABLE 3.—Distribution of Vanadium in Rabbits Six Hours After Repeated Daily 
Injections for One Week 


Rabbit A Rabbit B Rabbit C 
- 


Total Total Total 
V Gm. 4% 7 V Gm Vv," ¥ 7 V Gm, 

62 2,652 94 3,550 14.3 

10.9 237 5.7 

10 172 16 255 OR 

06 q 03 1 


0.3 15 


O38 125 
Muscle. . 176 
Urine 9,097 6,602 5,683 
Feces|| 1,028 746 1,805 


Total recovered 13,554 12,023 16,818 


Total injected a 14,780 12,300 16,770 


* Organ to body weight values taken from Skelton, H Storage of Water by Various Tissues of Body, 
Arch. Int. Med, 40:140, 1927. 

+ V content taken as value found for femur. 

t Blood not analyzed; value assumed to be that found for Rabbit A. 

$ Vanadium concentration was taken as the average of that found for lungs, liver, spleen, and musele. 

| Value computed as 11.38% of that found in urine based on rat data 

© ¥V content of marrow has been included in total skeletal content 


In the one rabbit in which the dosage was increased from 0.25 to 0.40 mg. V/kg. 


per injection, urinary excretion was reflected in an increased slope of the last half 
of the curve (Chart 3C). The total urinary excretion six hours after the last injec- 


tion ranged from 52.7 to 61.5% of the administered dose. 
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Microscopic examination of the kidneys of these rabbits showed appearances of 
slight degenerative changes in two of three animals, with some protein in the tubules. 
Inasmuch as these changes were not observed in the one animal that was adminis- 
tered the increased dosage, it is questionable whether the changes observed in the 
other animals were occasioned by vanadium. The average weight of the rabbits at 
the end of the study was slightly less than at the start (3.15 kg. vs. 3.23 kg.); 
greatest weight loss of any rabbit at any time was 180 gm. 


Distribution of V in the Rabbit.—-The distribution of V in 10 tissues of the three 
rabbits six hours after they had been given twice daily a total of 17 injections of 
sodium metavanadate for 9 days over a period of 11 days is shown in Table 3. The 
VY concentration in each tissue is given as well as the total V content of each organ. 

By far the largest part of the V retained in the body resided in the skeleton. 
The skeleton, which comprises 12.4% of the rabbit body, retained 84% of the V in 
the total body of Rabbit C that received the highest dose ; this retention was 77% in 
each of the other two rabbits that each received the same but lower doses. The next 
highest contributors to over-all body burden of V were the kidneys, liver, muscle, 
and blood; of these the kidneys ranked highest on a concentration basis; skin and 
muscle were lowest. The V concentration of marrow was but 4 to 8% of that of 
the mineral portion of the long bones. Blood V values, however, were relatively 
high at this six-hour period, 

Satisfactory recoveries of V were obtained compared with the injected dose 
when calculated as the sum of the total V retained in the bulk of the tissues analyzed 
(92.5% ) and with that excreted by the kidneys and intestine. 


COMMENT 

Inasmuch as the study of V excretion was designed for practical ends, a basic 
requirement was the demonstration that under the conditions of the study the organs 
of excretion would not be appreciably impaired, a consideration often neglected in 
such studies. This consideration was important in this study, as V is a mildly 
nephrotoxic element,’ at least in the pentavalent state used here. Accordingly, in 
the interest of maintaining renal function as normal as possible under these condi- 
tions, the dosages of V were minimized to reduce any injurious response as far as 
pessible and yet permit required analytic accuracy. From the histopathologic exami- 
nation of the kidneys coupled with the body-weight response of the animals, it would 
appear that no significant alteration of renal excretion occurred. This conclusion 
is based also on the lack of any histologic evidence of change in the rats given the 
single dose of V and on the similarity of excretion curves of these animals to those 
given multiple injections, where the possibility of renal impairment was increased. 
Similar statements hold for the rabbit. It is realized, of course, that this type of 
evidence does not rule out completely derangement of renal function below the 
cellular level. 

As to the possibility of impairment of intestinal excretion at these doses, there 
was no indication in this study that intestinal excretion was modified. 

It is of considerable interest, therefore, that the animal studies herein presented 
are consistent with the over-all findings on V excretion in two men given multiple 
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intravenous injections of sodium tetravanadate by Kent and MeCance® in that 
relative amounts excreted by the kidney and intestine were similar—84% in the 
urine and 7% in the feces of the injected dose; about 10% was not recovered and 
presumably remained in the body, again a result in general agreement with our data. 

Most important, it appears to us, is that the animal studies have shown that the 
major portion of the urinary excretion occurs within the first 24 hours, a finding of 
considerable practical importance in deciding the proper time to collect a sample 
for measuring the degree of exposure should these results be applied to man. This 
is not at all evident in the excretion data of Kent and McCance. 

Moreover, it was a source of considerable comfort, as regards reliability and 
usefulness of the results, that it was possible to predict the curve of V elimination 
of repeatedly injected rats from the data obtained on the excretion of the once- 
injected animals of the same species (Chart 2) and that the same data could be 
used to interpolate the results obtained with another species, the rabbit, as shown 
in Chart 3. 

Despite the rapid renal elimination of pentavalent V, there is considerable 
(ca. 10%) retention of this element in the body, at least for a few weeks; this 
element appears to be retained for the most part in the skeleton, if analysis of the 
femur is taken as representative of the osseous tissue generally. This is in direct 
opposition to the findings of Proescher and associates * who were unable to demon- 
strate the presence of V in the bones of intravenously injected rabbits. This high 
skeletal retention is probably due to rapid exchange with phosphate in the surface 
crystals of bone with which certain forms of vanadium are isomorphic. It would 
appear that pentavalent V closely resembles hexavalent uranium * not only in respect 
to rapidity and amount of urinary elimination and in the degree of bone storage but 
in its nephrotoxic action as well, although in this respect V has less effect.’ 

If, as has been shown, the results of these animal experiments agree in their 
main outlines with those obtained in man, then the practical utility of these studies 
would appear to consist in using urinary excretion of V as a means of estimating 
the degree of recent exposure in man. The finding of a rapidly responsive increase 
in urinary V in the one animal in which this was tested gives added strength to this 
belief. “Recent” exposure, according to the reported data, would imply “within 24 
hours.” Urinary specimens for V analysis after this interval would yield decreasingly 
informative results. Because of the constant fraction of V appearing in the urine, 
our data would indicate that the analysis of the urine for V content would be a 
reliable means for estimating the level of exposure to V. 

Blood vanadium values also would appear to be suitable measures of 
vanadium if determined within a reasonably short time (six hours) after exposure 
according to distribution results obtained in rabbits. More work will be required, 
however, to establish the role of the blood as a carrier of vanadium once the tissues 
have attained equilibrium amounts of V; i. e., to determine whether V resembles 
an element like lead or like uranium in respect to blood levels. 


absorbed 


The short-term studies reported here leave no doubt of two important facts 
regarding the distribution of this element, namely, that V is generally distributed 
to all tissues of the body and that bone is an active accumulator of V, no other tissue 
showing significant accumulative characteristics in comparison with this structure. 
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SUMMARY AND CONCLUSIONS 


From a study of rats and rabbits injected intraperitoneally and intravenously, 
respectively, with a soluble pentavalent V salt in doses producing minimal or no 
histologic changes in the kidneys and with no observed effect on the intestine, it 
was shown that 


1. The kidneys are the major route of excretion, the V being apportioned in the 
ratio of 5 to 1 between the urine and the feces. 


2. Renal excretion is rapid, 61% being eliminated within the first 24 hours 
following dosage. 

3. The percentage of excreted V is essentially independent of the number of 
doses administered, 


4. Renal V values rapidly reflect changes in dosage. 


5. The amount of intestinal excretion amounts to 10 to 12% of the total dose, 
the remainder being retained in approximately equal quantity in the body for a 
period of at least two weeks. 

6. Most of the retained V resides in the skeleton, although small concentrations 
are to be found in all tissues analyzed. 

7. Blood V levels are measurable spectrographically for at least six hours after 
exposure, 

Dr. H. E. Stokinger, Chief Toxicologist, gave advice in this study and assisted in the 
preparation of the manuscript. 
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OccuPaTIONAL HEALTH PROGRAM IN A STATE HEALTH DEPARTMENT. S. H. Osporn and J. H. 
Jounston, Am. J. Pub. Health 43:968 (Aug.) 1953. 


The industrial hygiene bureau is staffed with physicians, nurses, chemists, and engineers 
who provide consultation on industrial health problems. Field surveys are often carried out by 
an industrial hygiene team in order to obtain an accurate appraisal of the health of the worker 
and the nature of his environment and to establish necessary control measures. The Hartford 
Plan, a cooperative medical service for small plants, is discussed. 


Puitie La Torre, Boston. 


SMOG SCRAMBLE SPANS NATION. CHEMICAL AND ENGINEERING News Starr (7), Chem. & 
Engin. News $2:1108 (March 22) 1954 


Air pollution, a complex problem which accompanies rising population and industrialization 
of cities, is receiving increased attention from civic, legislative, industrial, and private groups. 
Variations in the nature of the atmospheric contaminants, their sources, climatic conditions, 
and topography make the problem of control peculiar to cach area affected 

The authors review certain of the problems encountered and the progress made in areas 
where control is needed or has been attempted. Activities of the Department of Air Pollution 
Control for the City of New York are complicated by the pollution contributed by the indus- 
trialized area of New Jersey. The problem is international in nature in the Detroit-Windsor 
area, where since 1949 a program has been underway by the International Joint Commission 
to determine the influence of air pollutants on community health. In Chicago the concern is 
primarily with dust fall, and it is estimated that some 43% of the city’s smoke is contributed 
by apartments and large heating plants. 

The concentration of chemical and related industries along the Houston Ship Channel in 
Texas has resulted in air pollution involving a wide variety of contaminants. Tonnagewise the 
area has been said to discharge more chemicals into the air than any other industrial locality 
in the United States or Canada. The Harris County Health Unit, which has the responsibility 
for control in the area, has attacked the problem on the basis that each plant should reduce 
its individual pollution to some extent, even though it may be minor compared with that of 
neighboring plants. 

Adverse effects of air po'lution in the Los Angeles basin are considered the severest in the 
nation. Progress has been made by the Los Angeles County Air Pollution Control District 
in reducing the air concentrations of various contaminants. Means of controlling pollution by 
exhaust from internal-combustion engines, hydrocarbon vapors from the area’s refineries, and 
effluents from the city’s backyard incinerators are among the problems which have received 
considerable study. 

In the Pacific Northwest air pollution by fluorides from aluminum-reduction plants has 
received the major attention in the past. This problem appears now to have been fairly well 
resolved. Oregon is the only state in the nation which has a state organization specifically for 
air-pollution control. A recent act by the Washington legislature established an air-pollution 
unit within the State Pollution Authority (water). 

The effect of air pollution on health is not yet well defined. Research in this regard, however, 
is now under way. Exposure of animals and men to relatively high concentrations of various 
contaminants can indicate the acute effects of short-time exposure; study of population groups, 
as in the Detroit-Windsor project, can show long-range effects. While the effect upon man 
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has not yet been well established, progress has been made in demonstrating the effect upon 
vegetation. Largely as a result of effort by industry, universities, and private research organ- 
izations, a fair catalogue of plant damage signs has been assembled. Knowing which pollutant 
causes what damage gives industry a good start toward installing proper control. 


C. N. Davies, London. 


CoLiection or By Fiper Mats. J. B. and H. F. Jounstone, Technical 
Report 11, University of Illinois Engineering Experiment Station, Oct. 31, 1953. 


The fundamental theory of the filtration of aerosols by fibrous materials involves a number 
of different mechanisms, depending on the relative and absolute dimensions of the particles and 
fibers, gas velocity, electrical charges, and other factors. This report deals with inertial col- 
lection, which is an important mechanism as long as the particles are not too small, and with the 
pressure drop across the filter. 

In the first section of the report a review is made of the existing theory of impaction, and 
the mobility of a particle is defined in terms of its drag coefficient ; it is not pointed out, however, 
that this definition is valid only for steady relative motion of particle and medium and that other 
terms come in when the drag coefficient is no longer adequately represented by the simple for- 
mula of Stokes. 

The effects of gravitational settlement are also considered, but the approach could be sim- 
plified by remembering that the transient-state solutions of the equations of motion are not 
needed, since the motion with gravity is steady throughout. 

Reference to calculation of impaction efficiency, based upon the flow field of Thom, requires 
explanation since the data of this author are confined to regions near the cylinder; these data 
are inadequate for working out particle trajectories which must be started at a distance, which 
increases rapidly as the Reynolds’ number of flow past the cylinder decreases. 

It might also be mentioned that the original calculations demonstrating the existence of a 
critical value of the impaction parameter, below which impaction does not take place (V x < %), 
were due to G. I. Taylor. The fact that this concept of a limit is valid only when the particles 
are small, compared with the cylinder, is apparently not realized. 

The experimental results for collection of particles by isolated wires are excellent, and it 
is hoped that they will be extended to include particles which are comparable in diameter with 
the wire. The Reynolds’ number of flow past the wire ran from 13 to 330, and the findings 
are in line with theoretical predictions. 

Further experiments were carried out on the penetration of particles through glass-fiber 
mats, and the results are compared with theoretical work in this field. They show that my 
theory overestimates the mutual interference of the fibers. 

There is a great difference of opinion among experimenters, in regard to fiber filters, which 
difference probably arises from the difficulty of specifying fibrous mats in numerical terms. 
It would be an advantage if future experiments in various laboratories were to be conducted 
on identical mats cut from the same sheets. My theory was originally tied to certain experi- 
mental data on a range of fibers, but the diameters, as measured by the microscope, were found 
to be useless for correlation. Owing to the difficulty of dispersing fibrous materials, the effective 
fiber diameter is almost always greater than the microscopic one, and it was the former upon 
which my theory was based. I have serious doubts about the practical value of theoretical cor- 
relations with experiments which are based upon the sizes of individual fibers. 

This probably accounts also for the discrepancy in the flow-resistance data, which has been 
observed by these authors. It is an experimental fact that at low rates of flow the pressure 
drop is proportional to the flow. This is not the case for isolated fibers. Hence it appears to 
me to be incorrect to view flow through the filter in terms of the total length of fiber. This 
leads to a nonlinear pressure-flow relation. The mutual influence of neighboring fibers promotes 
a linear relation, so that the flow should be visualized in terms of spaces between rather than 
in terms of fibers. For this reason the validity of adopting Therall’s approach is questioned. 


C. N. Davies, London. 
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BiBLioGRAPHY OF OccUPATIONAL HEALTH. Pustic Heattu Service Pameutet, U. S. 
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, 1954. 


This bibliography consists of publications on occupational health subjects issued through 
1953, by the Public Health Service. 1. C. Roszats. Boston. 


SICKNESS ABSENCE BEFORE THE First Ciinicat Eptsope or Coronary Heart DISEASE. 
J. A. Heapy, J. N. Morris, F. J. Luoyp, and P. A. B. Rarrre, Brit. J. Indust. Med. 
11: 20-24 (Jan.) 1954. 


The sickness absence experience before the onset of the first clinical episode of coronary 
heart disease in a group of drivers and male conductors of the London Transport Executive is 
compared with that of a group of controls matched for sex, age, job, and length of service. No 
significant differences at the 5% level has been found between the two groups, either in the 
number of absences, in the total number of days of absence, or in the distribution of different 


types of absences. 
yl From THE AUTHORS’ SUMMARY. 


Physiology and Nutrition 


Errect OF THE DRINKING PATTERN ON Water Economy «tn Hot, Humip ENVIRONMENTS. 
R. A. Kenney, Brit. J. Indust. Med. 11:38-39 (Jan.) 1954. 


Experiments on male West Africans, exercising in a hot, humid environment similar to 
that found in mines of this area, have demonstrated that a considerable saving in water required 
by workers can be effected if small volumes are taken at frequent intervals rather than large 
volumes less frequently. This finding may be of considerable importance in situations in which 


the water supply is limited. From THE AUTHOR'S SUMMARY. 


Occupational Diseases and Hazards 


LeAp AND LEAD PotsoninG in Earty America. Carey P. McCorp, Indust. Med. 22:393, 352, 
573 (Oct.-Dec.) 1953 and 23:27, 75, 120, 169 (Jan.-April) 1954. 


This is a series of seven papers, very well written, interesting, informative, and never dull. 
The author starts with the 18th century in Colonial America, the “dry gripes’ and “dangles” 
being caused largely from distilling through lead “worms” fermented molasses to make rum. 
Having located “the demon in the rum,” the colonists began mining and producing lead over 
a fairly large area of the country, gradually working up to a very substantial lead production. 
Then follows a nice chapter on pewter, with a strong admonition that its position should be 
ornamental and not for holding food or drink. The lead-pipe period goes back to ancient times 
and still is with us in plenty of places in the United States. The chapter on lead compounds, 
the use of white lead in cosmetics, then the introduction of lead paints again brings us into 
modern times. 

The chapter on treatment of the colic is particularly well done. The colonists’ “bellies 
roared and the extremities dangled from New Hampshire through Georgia.” 

The picturesque shot towers of the 1850's have been displaced by modern mechanization 
adapted to producing shot measured in tons per hour. We have got rid of the old lead risks 
but have introduced some 20th century innovations peculiarly our own, such as the one used 
in finishing automobile bodies in the 1930's. 

This series of articles is to be expanded and made into a book, something those of us in 


this field will be glad to own and to read. Ponte Daweuee: Bites 


CornpicKeER Hanp. E. S. Maxim, F. S. Wesster, and D. A. WILLANDER, J. Bone & Joint 
Surg. 36-A:21 (Jan.) 1954. 


The “cornpicker hand” is an injury that results from catching the hand in the mechanical 
cornpicker. The cases discussed here were selected from 28 treated by the authors over the past 
few years. Almost all cornpicker hand injuries represent a combination of lacerations, crushing, 
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avulsion, and friction burns. They are dirty wounds, and at first it may not seem feasible to 
salvage any portion of the hand. However, it is best to be somewhat conservative in the primary 
débridement. 

The authors suggest that as a first-aid measure the hand simply be wrapped in a sterile 
pressure dressing. Since hemorrhage is not very extensive in most cases, shock is usually absent; 
however, neurogenic shock may exist in those who have sustained prolonged trauma. Roentgeno- 
grams are taken without disturbing the dressing. The patient is taken to the operating room and 
given a general anesthetic if at all possible; otherwise, a brachial block is used. The use of a 
tourniquet is avoided to judge better the status of circulation, but a tourniquet is placed in 
position on the arm in case it may be needed. The skin injuries about the wound are cleansed. 
Ether is used to remove grease, and the dirt is removed by scrubbing with soap. The wounds are 
then irrigated with isotonic sodium chloride solution. 

Débridement is carried out, but if there are areas of questionable viability in the soft tissues, 
these may be left undisturbed for a few days and watched. Repair of tendons and other deep 
structures is usually not performed at this time because of potential infection. Primary closure 
may be attempted, but length of the digits is never sacrificed to facilitate primary closure; rather 
a split-thickness skin graft is applied, either immediately or a few days later. Compression 
dressings will reduce postoperative edema. 

At the time the split-thickness skin graft is applied it can be estimated what pedicle graft 
will eventually be necessary. A tube pedicle is formed on the anterior abdominal wall immediately, 
or a flap is raised for a smaller area. This saves time, because the tube will then be ready for 
attachment when the hand is ready to receive it. 

In reconstruction of these severely injured hands the same principles apply as are followed 
in other forms of trauma. In many cases it may be important to create a cleft in the hand to 
form a pinching surface between the thenar and hypothenar areas or to increase the function of 
grasp between remnants of a digit and the thumb. This is done by the removal of one or more 
metacarpals. In hands in which there has been a loss of the thumb with the digits remaining, 
transposition of the index finger is a satisfactory procedure. 

There may be cases in which some type of prosthesis would be helpful in gaining further 
function of the reconstructed hand. Unfortunately, most limb makers do not design a prosthesis 
which utilizes the wrist motion. The patient and the surgeon both may become impatient and 
decide an amputation in the forearm. The authors deplore this and feel that the possibilities of 
hand prosthesis have not been adequately explored. 


Cor PULMONALE IN Coat-Worker’s PNeumonoconiosis, A. L. Wexts, Brit. Heart J. 16:74 
(Jan.) 1954. 


Of 388 coal workers from the Rhonda and neighboring valleys of the South Wales coal 
field who died and on whom necropsies were performed, 181 had simple pneumoconiosis, 136 
massive pneumoconiosis, and 71 tuberculosis. 

Twenty-eight of the 181 coal workers with simple pneumoconiosis died of right-sided cardiac 
failure; in only 4 of the 28, cor pulmonale was caused by simple pneumoconiosis alone, while 
the remaining 24 had other pulmonary lesions in addition to simple pneumoconiosis. Thus 
simple pneumoconiosis rarely gave rise to right heart failure by itself, although the two were 
frequently associated in the presence of other pulmonary disease. In these mixed cases it is 


doubtful whether the simple pneumoconiosis played a significant part in causing death. 


Of the 136 coal workers with massive pneumoconiosis, 57 (42%) died of cor pulmonale, 
without another cardiac disease. An additional group of 37 (27%) died of heart failure, partly 
caused by other lesions, such as those resulting from severe coronary arterial disease, cardiac 
valvular disease, and systemic hypertension, but the pneumoconiosis probably contributed materi- 
ally to the cause of death. 

The assessment of the 71 cases with tuberculosis was complicated by the coexistence of fatal 
tuberculous lesions with heart failure, but 12 (17%) of this group were considered to have 
died of cor pulmonale heart failure. 
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Pitor TRIAL OF AN ANTIHISTAMINIC DruG IN THE CONTROL oF “TetryL” Dermatitis. W. A. 
Bain and Grizet H. Tuomson, Brit. J. Indust. Med. 11:25-30 (Jan.) 1954. 


A pilot trial of the drug chlorcyelizine hydrochloride (Histantin) to determine the effective- 
ness of an antihistamine for the treatment of dermatitis caused by 2,4,6-trinitrophenylmethylnitra- 
mine is described. The authors state, “While the conditions of the trial were far from ideal, 
the results show that chlorcyclizine is safe in the doses used, even when administered to men 
at work, and that it seems to be highly effective and to offer marked advantages over the present 
standard treatment.” The authors conclude that the results of this pilot study justify a rigorous 
trial of antihistaminic therapy for the control of the described dermatitis. 


I. C. Roperts, Boston. 


BeRYLLIUM GRANULOMA OF THE SKIN. HENRY LeperReR and Joun Savace, Brit. J. Indust. 
Med. 12:45-48 (Jan.) 1954. 


A case is described of multiple granulomatous skin lesions resembling Boeck’s sarcoid 
following traumatic implantation of fragments of a broken fluorescent bulb coated with zine 
beryllium silicate. 


Histochemical and spectrographic examination failed to prove that beryllium was the 
From tHe Autuors’ SUMMARY. 


Earty Errects oF Leap on Lympnorp Cetus. D. O. M. J. Australia 1:30-33 
(Jan. 9) 1954. 


The author returns to a previous claim (Bull. Hyg. 26:790, 1951) that a valuable early 


indication of lead absorption is to be found in the ratio of monocytes plus large lymphocytes to 


. . M | This ratio is increased when significant amounts of lead are absorbed 


small lymphocytes 


and remains increased so long as the absorption of lead is not too great for too long. The author 
has determined this ratio in more than 2,300 blood films, including those of persons not exposed to 
any lead, of those exposed to an industrial lead hazard, both with and without symptoms, and 
of those recovering and recovered from symptoms. 

Results are now reported for five persons at the beginning and end of their first week of 
industrial exposure to lead. At the end of the week the concentration of lead in the urine was 
0.09, 0.15, 0.11, 0.08, and 0.15 mg. per liter, respectively. The technique pursued in examining the 
blood films is stated in detail, since the blood counts will vary greatly if it is not strictly followed. 
The way in which the ratio increased tor each person is exhibited in a figure. This increase 1s 
not due merely to an increase in the relative numbers of monocytes; there is also a definite 
increase in the ratio of the number of large lymphocytes to the number of small lymphocytes. 
The results indicate a very early effect of lead on the lymphoid cells and a useful test in the 


prevention and diagnosis of lead poisoning. E. L. Couns 


REPORT OF THE SILICOsis MEDICAL BUREAU FOR THE YEAR ENDED Marcu 31, 1949. A. S. W. 
VERSTER, CHAIRMAN, Silicosis Medical Bureau, Department of Public Health, Union of 
South Africa, 1950. 


Previous reports of the Bureau have been triennial; while this custom is to be maintained, 
shorter annual reports on progress are to be issued. The available data are insufficient to establish 
every year the effect of occupation, correlations of symptomatology, roentgenology, and pathology 
of silicosis. Shortage of staff delayed progress in an investigation of conditions in nonscheduled 
mines commenced in 1947. The number of roentgenograms taken in 1948-1949 was 51,972 and 
in 1949-1950, 56,160. The silicosis production rate was 7.29 per 1,000 in 1947-1948, 13.88 in 
1948-1949, and 7.75 in 1949-1950. In the previous triennial period the rate was 9.44. Much of the 
information given regarding the incidence of compensation cases of silicosis depends upon altera- 
tions from time to time in legal definitions. The dust hazard has been reduced, and simultaneously 
more and more miners are able to stay longer at work, with only slight signs of silicosis without 
any symptoms. 
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On account of his wide experience the opinions of A. S. W. Verster are important. He finds 
that the type of silicosis likely to develop depends on the amount of silica dust inhaled, that a 
correlation exists between the type of silicosis and the possibility of tuberculosis being contracted, 
that silica exerts a stimulating influence upon old, apparently healed tuberculous foci, and that 
tuberculosis imposed upon a dust-invaded lung is very active. 


E. L. Hye.]. 


SILICOTUBERCULOSIS AND THE TUBERCULOPNEUMOCONIOSES. P. GaLy, Arch. mal. profess. 
14:573-583, 1953. 


French compensation law requires differential diagnosis between silicotic fibrosis with its 
typical nodules and the caseous nodules of pulmonary tuberculosis. The tuberculosis may be 
present before the dust fibrosis commences, or by its presence it may advance the fibrosis, or it 
may occur superimposed upon an old, well-recognized silicosis. Simple silicosis is described, 
as well as its association with exposure to dust of free silica for long periods. Its nodular 
fibrosis throws x-ray shadows which are bilateral and vary in intensity with the depth of the 
silicosis and the amount of black pigment in the nodular masses. The findings due entirely 
to inhaling different dusts, whether of free silica, asbestos, fluorspar, anthracite, or coal, must 
be ascertained first; then the findings due to tuberculous lesions may be distinguished. But every 
grade of combination occurs, and accurate differentiation may be impossible. 

The history of the kind and length of dust exposure must be considered. Sometimes the 
influence of treatment by modern antibiotic drugs may help, since it may cause the dissolution 
of nodular structure due to tuberculosis but it would not affect a nodule due to silicosis. Tuber- 
culosis is the cause of death in about 50% of silicotics, the disease being rapid and resistant 
to treatment. Tuberculous lesions are not bilaterally symmetrical. The long evolution of 
silicosis over 10 to 20 years, with progressive bronchitis and dyspnea, is distinctive. An attempt 
is made to group phthisis, as seen in men exposed to industrial dusts, into four categories, and 
illustrations of the x-ray appearances are presented. 

The presence of tuberculosis in a known case of silicosis may be detected clinically by loss 
of weight, asthenia, fever, and raised blood sedimentation, with nothing else to explain them; 
x-rays may help by demonstrating rapidly changing shadows indicative of caseous foci, and 
tomography may assist. The picture painted is one, except in clear-cut instances, of intense 
difficulty in diagnosis, this difficulty can disappear only when the presence of tuberculosis at 
any stage of silicosis is recognized to be part of the clinical progress. 


E. L. Cottis, [Butt. Hye.]. 


DISINTEGRATION AND TRANSFORMATION OF SCLEROHYALINE NODULAR CONGLOMERATES IN 
Siuicosis. L. Med. lavoro 44:453 (Nov.) 1953. 


Having set forth in a critical discussion the assumptions of various authors in explaining 
the processes of disintegration and transformation recognizable in the sclerohyaline nodular 
conglomerates of silicosis, the author tries to reconstruct the various phases of the procedures 
from the morphologic point of view. After carrying out the research according to a suitable 
histologic method, he can affirm that the disintegrative processes in the nodule arise in relation 
to the hyaline substance, which absorbs and homogenizes the reticular stroma of the hyaline 
center of the nodule itself. 


Such disintegrative processes, which by rupture of the lipoprotein bounds give way to a 
phanerosis of the masked lipids, would originate independently from the movement of the active 
perifocal mesenchyma. 

The products of disintegration, spreading centrifugally from the nodular center, make 
contact with the surrounding mesenchyma only in the second step, stimulating it at first in a 
metabolic sense and then also in a phagic and hyalinoplastic sense. The “transformation” processes 
begin when this reaction appears aggressive with respect to the disintegrating hyaline con- 
glomerates. As to the principal cause of such disintegrative processes, the author sets forth the 
assumption that, being abnormal, the hyaline substance of the nodular conglomerates of silicosis 
could, at a certain point, give way to the formation of antibodies, or hyaline antisubstances in 
the organism, in a manner not dissimliar perhaps to the behavior of the protein substances of 
the caseous necrobiosis in tuberculosis. 
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The author draws his conclusion, attempting to establish a regulation between the processes 
of disintegration described and the existence in some cases of silicosis free from infective 
processes clinically verifiable of an alpha globulin disproteinemia together with an almost 
constant increase of the gamma globulin. 

This disproteinemia should be considered as a disproteinemia due to the presence of histol- 
ysis products among plasma proteins and should be distinguished from the disproteinemia due 


altered plasma protein sy > 
to altered plasma protein synthesis Faow tar 


ENDOGENOUS PULMONARY HEMOSIDEROSIS, A DISEASE ROENTGENOLOGICALLY MISTAKEN 
FOR PNeumocontosis. E. C. Viciiana, Med. lavoro 45:1-11 (Jan.) 1954. 


Three cases of endogeous pulmonary hemosiderosis from mitral stenosis are described; two 
of these cases had been previously diagnosed as silicosis, because one of the workers had been 
employed for a few years in a foundry and the other had worked for 19 years as a forger of 
refractory tablets in a porcelain factory. The anamnestic, clinical, and roentgenological data, on 
the basis of which the diagnosis had been made, are reported and discussed. Attention is called 
to the fact that patients are easily mistaken for pneumoconiotics when presenting a history of 
exposure to dust and to the diagnostic value resulting from the finding of manifold heart defect 


cells i » lung p ate slides. . — 
ells in the lung punctate slides From THE AuTHOR’S SUMMARY. 


CONSIDERATIONS ON THE BEHAVIOR OF THE ELECTROCARDIOGRAM IN PULMONARY SILICOSIS. 
C. Ceresa and F. Fepere, Med. lavoro 45:33-41 (Jan.) 1954. 


This is a report of a study on the behavior of the electrocardiogram and of the various typo- 
logical indexes (Bendetti, Lewis, Schloma) in 204 cases of pulmonary silicosis. The investigation 
was carried out by taking into account both the stage of the pneumoconiotic process and the 
degree of emphysema eventually present. From the analysis of the data obtained there were 
drawn the following conclusions : 


1. The indications from the determination of the various typological indexes and of the 


alpha angle do not seem to have any particular value; more practical is the approximate deter- 
mination of the electric axis of the heart by the peripheric and unipolar leads. 


2. While the stage of silicosis does not seem to have a sensitive effect on the position of the 
heart, a net effect is exercised by the degree of emphysema. 

3. The impairment of the muscle of the heart is due to the two factors, silicosis and emphy- 
sema, which determine a progressive obstacle in the pulmonary circle. 

The necessity of repeated systematic controls of the behavior of the electrocardiogram is 
therefore acknowledged, because it can reveal the gradual change from a heart with simple 
vertical position to a heart with hypertrophy of the right section. The delay of the intrinsic 
deflection in the right precordials and the negative deviation of the T wave in the right pre- 
cordials to the left of V; are sure signs of myocardiac impairment in a silicotic. 


From tHE AutTHORS’ SUMMARY. 


PULMONARY SILICOSIS AND RHEUMATISM, OR THE SYNDROME OF COLINET-CAPLAN. J. CLERENS, 
Arch. belges méd. sociale hyg. 11:336-342 (Dec.) 1953. 


Two cases are described in support of the contention that a connection exists between pul- 
monary silicosis and chronic polyarthritic rheumatism. This association, called here the syn- 
drome of Colinet-Caplan, was first reported on sound statistical evidence by Caplan (Bull. 
Hyg. 28:831, 1953) after examining 14,000 South Wales miners among whom 51 instances of 
rheumatoid arthritis were found; 90% of these cases presented massive pulmonary fibrosis, a 
condition seen in only 30% of the remainder of the miners. The x-ray picture differed from 
that of other massive fibroses in that there were macronodular opacities, round and clear-cut, 
with a diameter ranging from 5 to 50 mm., distributed evenly over both lungs but especially 
at the periphery. 

The two new cases were those of women employed in the making of abrasive soap, with 
exposure to fine silica dust. After two years’ exposure one woman, at the age of 20, developed 
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polyarthritis in the feet and hands, with total ankylosis, Six years later there occurred a left sero- 
fibrinous pleurisy which cleared away. X-ray showed the findings given above when the patient 
was 33. The second patient worked for 11 years and then 4 years later developed rheumatism, 
arthritic and chronic, complicated by scleroderma of hands, forearms, and face. In neither case 
were tubercle bacilli found. The x-ray picture was typical. Various infections and growths 
of the lungs have been noted occurring with rheamatism, which condition is reversible if the 
tumor is removed. Should such rheumatism sustain a compensation claim? 


E. L. Cottis Hye]. 


Industrial Toxicology 


SEVERE CARBON TETRACHLORIDE PoIsONING with Recovery FoLtLowep By Homo- 


Locous Serum Hepatitis. J. B. Jounson and Orners, J. Lab. & Clin. Med. 42:380-388 
(Sept.) 1953. 


A case of accidental severe carbon tetrachloride poisoning is described in which recovery 
appears to have been made possible by means of exchange blood transfusions at a critical stage of 
uremia. After apparently complete recovery, the patient died about four months later from a 
fulminant homologous serum hepatitis. Limited postmortem examination showed hemorrhagic 
necrosis of the pancreas and massive necrosis of the liver. The use of exchange transfusions and 
extrarenal excretion methods is reviewed. Homologous serum hepatitis may be a serious com- 
plication in such cases. Carbon tetrachloride poisoning in industry and in the household con- 
tinues to be a significant clinical and public health problem. In five states 217 cases were recorded 
from 1949 to 1951, with a 10% mortality. The public should be more fully informed of the 
potential serious toxic effects of carbon tetrachloride. Containers should be labeled with the 
prominent display of the word “poisonous” in addition to the skull and crossbones insignia. 


From THE AutTHors’ SuMMARY [INpDust. HycG. Dicest]. 


ToxicoLocic STupiEs ON Zinc AND DisopiIuM ETHYLENE BISDITHIOCARBAMATES. R. B. 


Smiru Jr., H. B. Haac, and orners, J. Pharmacol. & Exper. Therap. 109:159-165 (Oct.) 
1953. 


Zine ethylene bisdithiocarbamate (ZnEBDC) and disodium ethylene bisdithiocarbamate 
(NaEBDC), marketed as Dithane Z78 and Dithane D14, respectively, are widely used agri- 
cultural fungicides. The sodium salt has an acute oral L.D.« in rats of about 395 mg. per kilo- 
gram, but that of the zinc salt is over 5,200 mg. per kilogram. Neither compound is significantly 
irritating to rabbit eye mucosa. Neither of the salts is a primary irritant to human skin. Sensi- 
tization may be produced with NaE BDC but not with ZnEBDC. The only specific change on 
long-term feeding is the development of goiter. The goitrogenic effect is 10 times greater for 
the sodium than for the zinc salt. No effects on growth, mortality, or blood picture were noted, 
and no malignancy occurred. It appears unlikely that the small amount of ZnEBDC which 
might appear in the total human diet would offer a hazard to the consumer. 


Inpust. Dicest. 


CarBON TETRACHLORIDE PotsoNninGc. Ropert S. McBirney, Month. Rev. Div. Indust. Hyg. 
New York State Dept. Labor 33:1 (Jan.) 1954. 


The degreasing, solvent, and fire-extinguishing properties of carbon tetrachloride are dis- 
cussed, and its industrial and other uses are enumerated. Five cases are presented to emphasize 
the chemical symptoms as well as the carelessness incident to its use. Two of the cases occurred 
in industry during degreasing operations. Only the women workers were affected in the first case, 
and their symptoms of nausea, anorexia, and headache are the mildest described. The second 
case demonstrates the anesthetic effect of carbon tetrachloride. A worker cleaning the inside of 
a large metal box with carbon tetrachloride became unconscious after only a few moments. 
Fortunately, he was observed and revived promptly. The other cases occurred in the home 
after carbon tetrachloride had been used as a cleaning agent. Exposure varied from several 
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hours to several days. Both hepatitis and lower nephron nephrosis developed, with a hemorrhagic 
diathesis superimposed in one case and a psychosis in another. Though seriously ill, all the 


yatients recovered. 
I vered M. M. Key, Boston. 


PrysroLtocic Errects oF CERTAIN EXPLOSIVES AND CHLORINATED HyDROCARBON SOLVENTS. 
J. H. Foutcer, U. S. Armed Forces M. J. 4:1425-1433 (Oct.) 1953. 


The toxicology of some explosives and chlorinated hydrocarbons is reviewed, with special 
attention to those handled in naval establishments or on board ship. The explosives include 
nitroglycerin, tetryl, and TNT. Methods of entry into the body and symptoms are described. 
The chlorinated hydrocarbons discussed are tetrachloroethane, carbon tetrachloride, trichloro- 
ethylene, and perchloroethylene. The effectiveness of protective measures can be asssessed only 
by examination of the workers. The major duty of a physician in industries in which hazardous 
chemicals are used is to watch the workers continually. The symptoms to be watched include head- 
ache, nausea, other gastrointestinal disturbances, dizziness, and in severe cases dyspnea on slight 
exertion, palpitation, and pain in the precordial region, extremities, and back of the neck. The 
signs which invariably occur are changes in pulse rate and in arterial blood pressure. Frequent 
evaluation of hemoglobin, red cells, leucocytes, and perhaps platelets is important. 


Inpust. HyG, Dicest. 


PERFORATION OF THE NASAL SEPTUM DvE TO Sopa Asu. R. McL. Arcutpacn, Brit. J. Indust. 
Med. 11:31-37 (Jan.) 1954. 


The incidence of nasal septum perforations and impending perforations among four groups of 
persons with large, moderate, slight, and no exposure to soda ash was studied. The incidence 
was 11.1, 12.1, 1, and 0%, respectively. Data are analyzed for variations in incidence with age, 
work location, length of exposure, and sex. The findings and conclusions, particularly as they 
pertain to the causitive factors of nasal perforations, are discussed. 

The appearance of perforations and impending perforations are described, as is a method for 
photographing the lesions. A caliper for measuring the diameter of perforations is presented. 

The author briefly describes the alkali industry and, in more detail, the physical characteristics 


of the soda ash dust found in this industry. C 


OrGanic Mercury Dust Potsoninc. M. Bonnin, Roy. Adelaide Hosp. Rep. Nos. 31-32, 
1951-1952. 


Organic compounds of mercury are used as seed dressing on wheat and barley; from time to 
time cases of poisoning have been reported in which the clinical picture differed from poisoning 
by inorganic mercury, the nervous system only being affected. Methyl mercury compounds 
were employed, and in some cases reported those affected became ataxic and even demented. A 
new case is now reported, the exposure to dust having arisen when wheat was dressed with 
“Ceresan”; this contains aryl mercury compound 6.43 parts and alkoxyethyl mercury compound 
1 part, the total mercury content being 1.5%. 

Usually the dressing is carried out under an adequate exhaust draft, but in filling an emer- 
gency order the use of the exhaust draft was omitted and the machine was found covered with 
dust. The operator developed severe headache and nausea, with abdominal pain and a feeling of 
pins and needles in the legs and feet. He was apathetic and presented signs of meningism. His 
optic disks were pale, and the physiologic cups were obliterated. The urine contained 0.05 mg. 
of mercury per liter; this amount is considered to indicate mercury poisoning. A month later the 
urine was found to contain 0.02 mg. of mercury. Symptoms gradually passed away, and in six 
weeks the operator resumed work without any further exposure to Ceresan. 

Mercuric nitrate which was at one time used to soften fur in the felt-hat industry is a cause 
of merculialism; whence the saying “as mad as a hatter.” Symptoms in mercury poisoning seem 
to differ with the compound of mercury at fault as well as with the dosage. 


E. L. Hye.]. 
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Toxicity OF ORGANIC Sats or Leap. P. VALADE and E. Coste, Arch. mal. profess. 14:584- 
593, 1953. 


Experiments upon rabbits, dogs, and guinea pigs were carried out by exposing the animals 
for half-hour periods on 20 occasions during two months te inhalation of the dust of the organic 
salts of lead, the stearate and the acetylsalicylate of lead. Of the dust particles, 5% were 1 u 
in diameter and 0.5% were 3 #. Loss of weight was the only clinical sign noted. The effects of 
the two componds were similar and concerned the liver, the kidneys, and, only slightly, the 
lungs. The liver was enlarged and yellow, with fatty degeneration more or less extensive and 
progressing to cirrhosis. The kidneys showed signs of early chronic nephritis, the glomeruli and 
convoluted tubules being affected with thickening of Bowman's capsule. The lungs showed 
general signs of defense against the presence of foreign particles. The microscopic appearances 
of these lesions are illustrated. Blood examinations revealed the presence of nucleated and 
punctate red cells, but no indications were found of anemia. 

The study pointed to these organic salts of lead being toxic to animals and therefore probably 
to men. (The organic compound, tetraethyllead, is considered to be particularly toxic.) 


E. L. Hye.]. 


PossipLe REPERCUSSIONS ON MAN OF THE Use OF VEGETABLE HORMONES IN AGRICULTURE. 
H. Stmonnet, Rev. hyg. méd. sociale 1:315-321, 1953. 


Many vegetable hormones act agriculturally as fertilizers. They include derivatives of 
naphthalene, as well as indole, phenixyacetic acid, and certain derivatives of benzoic acid. They 
stimulate or inhibit the development of multiplication of vegetable cells. They may be toxic, or 
they may be carcinogenic, owing to their power of stimulating cell multiplication. Consideration 
is given to three vegetable hormones ; 2,4-dichlorophenoxyacetic acid, naphthylacetic acid, and the 
methylic ester of naphthylacetic acid. Information is drawn from researches carried out in the 
United States, Great Britain, and France. The conclusion is reached that there is no evidence to 
incriminate these substances as being carcinogenic, but they possess toxicity and present a risk 
to those who prepare them and who manipulate them in use. But no evidence indicates that this 
toxicity passes to the foodstuffs, such as potatoes, grown with these fertilizers. 


E. L. Hye.]. 


RUDIMENTS OF THE SUBSTITUTION OF BENZENE witH Its HIGHER HOMOLOGUES IN 
Inpustry. M. P. Francone and L. Brater, Med. lavoro 45:29-32 (Jan.) 1954. 


The difficulty found in preventing benzene poisoning in industry has raised the problem of 
its substitution with other solvents. However, the present data on the toxicity of the higher homo- 
logues of benzene are contrasting. According to investigations carried out by the authors, both 
experimentally in the intravenous administration of lethal hemolytic doses and clinically on 
chronic leukemics in the administration of small doses per os, it was found that toluene and 
xylene are less toxic than benzene (toluene was nontoxic up to doses of 10 gm. per day adminis- 
tered daily). The lower toxicity of toluene and xylene is due to the presence of methyl groups, 
since the simultaneous administration of substances detaining methyl prevents the toxic action 


of benzene on the blood. 


Medicine and Surgery 


MANAGEMENT OF AcuTE OcuLAR Lime Burns. W. Z. RuNpLEs and J. R. Quinn, Am. J. 
Ophth. 37:209 (Feb.) 1954. 


Four workmen who sustained a lime burn of either the right or the left eye while plastering 
were treated as follows: two patients were placed on 5% homatropine drops or 1% atropine 
ointment three times daily, 10% sulfacetamide ointment four times daily, 5% calsulfhydryl 
(Hydrosulphosol) in castor oil three times daily, petrolatum pad, hot compresses for 15 minutes 
four times daily, codeine and acetylsalicylic acid (aspirin) for pain, and a barbiturate at bedtime 
for sleep. There was no improvement after six and eight days, respectively, of treatment on this 
program. Immediate improvement resulted from treatment with cortisone ointment (1.5% per 
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gram of ointment base) every two hours while awake. Immediate improvement also resulted in 
the third patient from combined treatment with atropine, bacitracin ophthalmic ointment and 
cortisone ointment, petrolatum pad, hot compresses, codeine and acetylsalicylic acid for pain, and 
a barbiturate for sleep; immediate improvement in the fourth patient was obtained with com- 
bined treatment with cortisone ophthalmic solution, sodium sulfacetamide ophthalmic solution, 
atropine ophthalmic ointment, petrolatum pad, hot compresses, codeine and acetylsalicylic acid 
for pain. Cortisone (1.5% in wool fat ointment) also was used effectively for the treatment of 
experimental corneal burns in three rabbits. 


The use of cortisone locally appears to promote more rapid clearing of the stromal infiltration 
and opacification and to decrease the inflammatory reaction to the alkali faster than either 
calsulfhydryl or ammonium tartrate. Results indicated inhibition of stromal inflammation, and 
thus much less scar tissue, but no retardation of epithelial regeneration. The authors feel that 
cortisone may even promote more rapid corneal epithelial regeneration. There was no tendency 
to symblepharon formation in the eyes of any of the four patients or in the rabbit eyes. This is 
probably due to the known action of cortisone in delaying and reducing fibroblastic proliferation 
in inflamed tissue. No corneal vascularization occurred in the human eyes. This may have been 
prevented by the use of cortisone. Vascularization was not included in the criteria used in the 
experimental data on the rabbit eyes. 

A'though the number of patients treated by this method is small and the experimental data 
are limited, the method described seems to be superior to methods in use for treatment of lime 
burns at the present time. More extensive trials are suggested according to the plan as follows: 
(1) immediate thorough irrigation with water at the scene of the accident; neutralization of the 
alkali with weak acids should not be attempted since it may be harmful; (2) local cortisone every 
two hours while awake; as healing occurs, this dosage should be reduced; (3) sulfonamide or 
antibiotic preparations locally every two hours while awake; later reduced as is the cortisone ; 
(4) atropine (1.0%) three times daily; 10% aqueous phenylephrine can be used concurrently if 
pupillary dilatation is poor; (5) involved eye padded, with petrolatum or similar lubricant 
applied to under surface, until all corneal staining has ceased; (6) moist heat three or four times 
daily until the eye is white; (7) various local anesthetic preparations can be used to help ease 
severe pain, but they should be discouraged since excessive use may delay healing, and (8) 
codeine and salicylate drugs may be prescribed to control pain and barbiturates to promote rest. 


LuMBoOpoRSAL APONEUROSIS AND Low Back Pain. E. B. Ley and W. D. Tuur- 
ston, Rocky Mountain M. J. 54:19 (Jan.) 1954. 


The patient whose case is presented was a 30-year-old steel worker, who gave a history of 
suddenly developing pain in the back, bilaterally, while he was bending over pulling rails. This 
occurred on July 8, 1950, and was treated conservatively. 

On Nov. 19, 1951, he consulted the authors, complaining of pain above and lateral to the 
posterior superior iliac spine. Walking, driving, and bending increased the pain, and it radiated 
into the buttock and the inner surface of the thighs. Examination revealed small nodular masses 
bilaterally in the posterior lumbar triangle. These masses were tender, and pressure on them 
reproduced the pain. Being unable to explain this complaint on the basis of commoner causes of 
low back pain, the authors advised removal of the nodular masses. On Jan. 7, 1952, a transverse 
incision was made so as to expose both masses simultaneously. The lumbodorsal fascia was 
found to be torn bilaterally in the region of the lumbar triangle; through each defect protruded 
a mass of loose fatty tissue. As this tissue was excised, it was noted that the fatty tissue extended 
into the retroperitoneal space and that two fingers could be introduced into this area through 
what felt to be a ring-like defect in the lumbodorsal fascia. The fatty tissue was removed, and 
the defect in the lumbodorsal fascia closed. After this operation, the patient was free of low 
back pain and returned to light duty on March 10, 1952. 


On Aug. 14, 1952 he complained of recurrent pain in the right lower back. Examination at 


this time revealed a small tender nodular mass in the right lower lumbar region which was 


similar to the masses seen before surgery. It was assumed that the patient had a recurrence of the 
hernial defect. He was advised to have the mass removed but refused. 


Later, however, he consented to surgical treatment by the industrial surgeon of his company. 
The findings on the right side were essentially the same as those found at the first operation. 
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The most interesting feature of this case is the surgical anatomy of this region. One may wonder 
why this lesion is not encountered more frequently among heavy laborers. Surgical repair 
probably should be more extensive than removal of protruding fatty tissue and closure of the 
lumbodorsal fascia. It appears that this is a weak spot in the low back and that either by 
injury or congenital defect this could be a source of disability. Furthermore, surgical correction 
of this defect should be directed at closure of the lumbodorsal fascia in three planes, if possible; 
failing this, the defect should be closed and reinforced with living fascia. 


Environmental Conditions 


MASKING INDUSTRIAL MALovors. B. K. TreMAiNne, Air Repair 3:59-63 (Nov.) 1953. 

The method of destroying malodors receiving most attention is elimination at their source by 
chemical or physical means. While the chemical method is best, its cost is often prohibitive. The 
author reports a study of masking malodors. It involves the use of a relatively small quantity of a 
masking substance, applied by one or more of the following methods: (1) spraying, vaporizing, 
or atomizing the odorant into gas streams; (2) adding directly to a process; (3) adding to 
scrubbing liquors, and (4) spreading or floating on contaminated surfaces without dilution. 
Applications of each method are discussed. The pioneering work at du Pont indicates that fumes 
from stacks or vents under preferred conditions can be masked for a fraction of a cent per 
1,000,000 cu. ft. and that odors from streams can be abated at a cost of perhaps 50 cents per 
100,000 gal. of effluent wastes. Dissemination of odors is greatly dependent on meteorological 
conditions, especially wind direction and velocity and turbulence. Typical examples are given 
showing daily variations in those factors. By taking advantage of the knowledge of those varia- 
tions, the amount of masking material and therefore the cost of application can often be greatly 


reduced Inpust. Dicest. 


COUNTERACTION OF INDUSTRIAL Opors. J. VON BERGEN, Air Repair 3:64-67 (Nov.) 1953. 


Odors are not usually associated with toxicity and so have not been studied widely in the 


investigation of air pollution but should be given more attention on account of their nuisance 
value. The difficulties in removal of odors by chemical and physical methods are discussed. 
Partial combustion is ineffective, and even complete combustion may produce oxides of nitrogen 
and sulfur. Counteraction of odors is to be distinguished from masking. In masking, the offensive 
odor is disguised by the presence of a pleasant odor. In counteraction, the odor of the added 
substance neutralizes that of the contaminant, so that the resulting mixture has no odor. There 
is no universal counteractant; the proper substance for neutralizing any particular odor must 
be determined by empirical experimentation. In the author’s laboratory 4,000 odors and their 
counteractants have been evaluated. In industrial application the counteractant may be atomized 
into the air stream of exhausts or vaporized in the open in the vicinity of sources of odor. A 
specialist should be consulted in selecting a counteractant. The installation can be made in a 
few hours, and the cost is negligible. The cost of operation averages about $6 per month per 
1,000 cfm of odorous exhaust on most installations. An odor counteractant must be nontoxic, 
nonallergenic, nonflammable, noncorrosive, chemically inactive, economically feasible, and 
effective in the laboratory and in the field. The odor of the contaminant does not return. 


Inpust. HyG. Dicest. 


Srupies ON THE Otic Laspyrintu: VI. ANATOMIC EXPLANATION FOR THE HEARING Dip 
At 4096 Cuaracteristic or Acoustic TRAUMA ANB Prespycusis. A. C. Hitpinc, ANN. 
Otol, Rhin. & Laryng. 62:950 (Dee.) 1953. 


Hilding points out that many have pondered the question as to why nerve deafness first 
becomes manifest in the range around 4000 to 6000 cps and why acoustic trauma shows the 
greatest damage in this same region. It makes no difference what frequency of sound it is that 
causes acoustic trauma, the first and greatest damage is here. Traumatizing tones of 1000 or 2000 
by-pass the localization of 8000, do damage at 6000 to 4000, and then pass on to their own 
respective locations. Riiedi and Furrer offer an explanation based upon the eddies described by 
Békésy, They state that the eddies change directions at about this point and would depress and 
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put tension on the basilar membrane here. Other explanations, such as the proximity of the first 
half of the basal turn to the middle ear or the entrance of the cochlear branch of the internal 
auditory artery, have also been offered. 

With the 4000 to 6000 dip in mind, Hilding dissected the basal turn of five cochleas and 
inspected them. He concludes that a possible explanation for the localization of nerve deafness 
from acoustic trauma and presbycusis is offered by the conformation of the entrance into the 
cochlear canal from the vestibule and the anatomical characteristics of the first half of the 
basal turn. From these anatomical facts, it would seem that there is a point of greatest impact 
upon the structures in the cochlear canal some 6 or 8 mm, from the beginning of the basal turn. 

This would explain the fact that hearing loss, both from presbycusis and from acoustic 
trauma, is greatest at 4000 to 6000 cps. The force of impact in this area applied 1,000 times a 
second over a period of decades, although only slightly greater than elsewhere in the cochlea, 
might serve to stretch and wear the marginal insertion most at this spot. Severe impulses (or 
shock waves), such as from blasts or extremely loud noise, occurring more occasionally, might 
serve to cause this same type of damage, as might the sound found in certain noisy occupations. 
The stapedius and tensor tympani muscles contract with noise in such a way as to protect the 
cochlea from excessive amplitudes. However, the reflex time for these muscles to act is about 
10 milliseconds. Many a powerful thrust could enter the cochlea in these 10 milliseconds and 


cause damage at the point of impact. This would emphasize the importance of protection from 
excessive sound. 


InpustriAL Notse: A NATIONAL Propiem. H. Saver, Compens. Med. 5:9 (Sept.-Nov.) 
1953. 


The author, a former Industrial Commissioner of the State of New York, discusses noise 
as the greatest problem that has arisen under the compensation system. He believes that the 
recent compensation awards for industrially caused partial deafness, without disability or loss 
of earnings, violates the principle upon which the compensation laws were based and imposes 
an accrued and potential liability on industry of billions of dollars which may have far-reaching 
consequences. The universality of noise, the noise exposure of previous employment, ear dis- 
eases, and deafness due to age make industrially caused deafness difficult to evaluate. A national 
study of the problem is needed, and the author recommends payment only if there is actual 
total or partial loss of earnings resulting from noise, M. M. Key, Boston. 


Stack oF ATMOsPHERIC PoLLuTiIoN. O. G. SuTton, Discovery 14:203-206 (July) 
1953. 


The author discusses the mechanism of atmospheric diffusion and the factors governing the 
speed of smoke from elevated sources. The results of wind-tunnel experiments are reviewed. 
The golden rule for plant engineers should be to “make the stacks as tall as you can and con- 
serve as much heat as possible,” but considerations of pollution hazards should be borne in mind 
throughout the planning of a future power station or factory. Meteorological control has been 
successful at Trail, B. C., and to some extent at Los Angeles, but the difficulty of forecasting 
weather conditions is a deterrent to the wide use of such control. 


Inpust. HyG. Dicest. 


Air PoLttution ABATEMENT MANUAL: GAS AND Vapor ABATEMENT (CHAPTER 10). R. J. 
Jenny, Manual Sheet P-11, Manufacturing Chemists’ Association, Inc., Washington, D. C. 


Toxic and irritating gases and/or vapors may be produced in an industrial process as part 
of the waste product. The hazard potential of these gases or vapors may require that they be 
removed before the remaining waste products are released to the atmosphere. This manual 
describes several methods of removal for these gases and vapors, such as absorption, incinera- 
tion, catalytic combustion, and adsorption. Illustrations, design considerations, and sample 
problems are included. The purpose of this paper is to supply the engineer with the necessary 
data for the design of economically practical controls of these undesirables. 


I. L. Beaucnamp, Boston. 
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Aik PoLLuTION AND HuMAN TOLERANCE: Parts I anp IL. J. J. Puatr, Mod. Sanitation 
5:61 (Aug.-Sept.) 1953. 


Proof of correlation of human disease with air pollution can be found via the field of industrial 
toxicology, studies of the extraordinary “smog” disasters, and the routine morbidity and mortality 
records of health departments. 

Disposal of air-borne wastes is similar in philosophy to liquid- and solid-waste disposal in 
that the goal is not to prevent all contamination but rather to select the most practical method 
of handling that meets the requirements of the area, population, and industry. There should 
be a clear-cut relationship between toxic effect and excessive exposure to a concentration of a 


pollutant capable of causing this effect. Pustie La Torre, Boston. 


Determination of Air-Borne Contaminants 


Stupy or Gas Distripution Evectrostatic Preciprtators. S. W. RANDOLPH, Air 

Repair 3:70-78 (Nov.) 1953. 

Efficient operation of a precipitator depends upon uniform distribution of the gas through 
the treatment zone. This paper describes a specific gas distribution problem and outlines the 
work done to solve it satisfactorily. Best results were obtained by use of a series of four distribu- 
tor plates. Proper spacing of the plates, uniformly sized round holes, and suitable dimensions of 


the inlet nozzle were found to be essential. Inpust. Hyc. Dicest 


Evecrricat Resistivity of Fry H. J. Waite, Air Repair 3:79-87 (Nov.) 1953. 


The efficiency of an electrostatic precipitator in removing fly ash from pulverized-coal-fed 
boilers depends upon the resistivity of the fly ash, because a layer of fly ash of high resistivity 
will impede the flow of current. Fly ash may vary greatly in resistivity. The presence of water 
naturally aids conduction, but it is evaporated when higher temperatures are used. An extensive 
investigation showed that soluble sulfates, mainly calcium, were the deciding factor in giving low 
resistivity. When working with highly resistant fly ash, the resistivity can be lowered by feeding 
sulfuric acid fume or sulfur trioxide into the inlet gas stream. The maximum need is about 


0.4% of the weight of the fly ash. Inpust. Hyc. Dicest 


DETERMINATION OF HYDROCARBON GASES AS AIR CONTAMINANTS. E. R. Qurram, S. J. 
Merro, and J. B. Lewis, Anal. Chem. 26:352-354 (Feb.) 1954. 


A simple method in lieu of the “cold trap” technique of Shepard and associates has been 
developed for the determination of small quantities of gaseous hydrocarbons in the atmosphere. 
These gases are concentrated by adsorption on silica gel at —100 F., desorbed into an evacuated 
gas sampling container or bomb, and finally analyzed by a mass spectrometer. Synthetic mixtures 
containing various saturated and unsaturated hydrocarbons, ranging in volume from 0.08 to 0.31%, 
were blended with sulfur compounds, carbon monoxide, and nitrogen for standards. Approxi- 
mately 95% recovery of Cs, Ci, and C; hydrocarbons was obtained, while the recovery of ethane 
was only fair (60%). The method is also capable of showing the presence of hydrocarbons in 
low concentrations, as found by analyzing a sample of air collected near a refinery still. In this 
case, the hydrocarbons detected consisted of methane, propane, and isopentane and ranged from 


3 to 8 ppm. This list represents only a small fraction of the hydrocarbons which may be captured 
in the vicinity of ordinary refineries. 


From tHe AvutTHoRsS’ SUMMARY. 


How vo Estimate Dust Costs. J. M. Datta Chem. Eng. 60:177-183 
(Nov.) 1953. 


Dust collection has three purposes: (1) recovery of material; (2) removal of materials 
affecting health and safety of employees and neighbors, and (3) elimination of general atmospheric 
nuisances. Cost and performance of equipment for each of these applications is materially 
affected by proper equipment selection. The discussion of each type of dust collector includes a 
brief description, purposes for which it is most useful, original cost, and maintenance cost. 
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Graphs show weight collection efficiency and cost at varying capacities for the general types of 
collectors. A table presents pertinent facts for the types of collectors discussed: where used, 
operating pressures, per cent efficiency on weight basis, and chief items in maintenance. The 
types included are bag filters, frame filters, reverse-jet filters, unit filters, spray scrubbers, 
barrier-type wet scrubbers, louver cyclones, multicyclones, centrifugal impeller, and electrostatic 


precipitators for air conditioning and for industrial collection. Inpust, Decest. 


TECHNIQUE FOR COLLECTING, MOUNTING, AND SECTIONING AtR-BOoRNE PARTICULATE 


MarTeriAL. R. D. Canre, A. G. Witver, and C. F. Scuaprt, Science 118:490-491 (Oct. 23) 
1953. 


A technique is described for mounting and sectioning air-borne particles collected by filtration 
without removing them from the filter. The filters used are the cellulose acetate-cellulose nitrate 
filters known as Millipore filters. The filters become transparent when mounted in a medium 
having approximately the same refractive index as the filters (about 1.50). Methyl methacrylate 
is used as the medium. The process of mounting involves the use of heat and pressure. The 
particles are finally left mounted in a thin disk of methyl methacrylate and are then in a form 
convenient to study with a petrographic microscope or with chemical micrurgic technique. 


Inpust. HyG. Dicest. 


Stupy to DETERMINE PotrentTiAL Dust Exposure 1N CONNECTION With INTERMITTENT 
Rock 1x Coat Mines. C. W. Ow1tncs and Leste Jounson, 5,004, U. S. 
Department of the Interior, Bureau of Mines, Oct., 1953. 


Three hundred thirty-two midget-impinger samples of air-borne dusts were taken to deter- 
mine exposure of coal-mine workers to dusts from intermittent rock drilling. Drilling was done 
with pneumatic, hydraulic, and electric equipment. Various conditions of ventilation were con- 
sidered. Length of exposure in each operation was evaluated, as was the free silica content of 
the strata being drilled. The authors conclude that rock drilling in coal mines, even for short 


periods of time without dust control, presents a health hazard. I. C. Roserts, Boston. 


Ventilating, Air Conditioning, and Engineering Control 
Use or Sprays To Repuce Stack Emission. S. RApDNER, Air Repair 3:67-69 (Nov.) 1953. 


The stack spray has proved very effective in reducing the solid emission from stacks during 
soot-blowing and fire-cleaning periods, especially in spreader-fired plants. No undue damage to 
tile or brick linings or unlined steel stacks is expected if the following are avoided: use of 
excessive quantities of water; washing of the stack walls; long periods of operation or con- 
tinuous operation. To date, experience indicates that a solid cone spray pattern, properly 
located and sized, is adequate for stacks up to 12 ft. in diameter. Pressure of 60 ¥ at the nozzle 


is desirable. From tHE SumMArY [INDUst. Dicest]. 


APPLICATION OF BAG FILTERS TO METALLURGICAL Fumes. C. D. Scumipt, Air Repair 3:88- 
89 (Nov.) 1953. 


The use of bag filters in cupola stacks has resulted in the complete elimination of all visible 
smoke and fume and compliance with the requirements of the Los Angeles Code. About 20 bag 
filter units are now in operation in Los Angeles County. The average cost of operation is $1.06 
per cubic foot per minute at 500 F. Maintenance costs are very low. 

Inpust. HyG. Dicest. 


INTERNAL FLow PROBLEMS IN MECHANICAL CENTRIFUGAL Dust Cotvectors. E. H. R. Pega 
and D. W. Gisss, Air Repair 3:92-99 (Nov.) 1953. 


The efficiency of centrifugal dust collectors is reduced by recirculation and by nonuniformity 
of gas distribution. It is impossible to eliminate those factors by design of the collector, and any 
installation of this type must necessarily be a compromise with ideal conditions. The authors 
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present a full discussion of recirculation in a particular type of collector and describe measures 
which have been taken to eliminate it. The application of suitably designed shields at the proper 
points has given the best results. Experiments with such shields are described. 


Inpust. Dicest. 


ELIMINATION OF Dust FROM AspHALT PLants. G. A. Mav, Air Repair 3:102-104 (Nov.) 1953. 


Black top, which is used extensively for resurfacing old pavements, is a mixture of fine 
sand, crushed rock, and similar materials, with asphalt or tar base. The processes of drying, 
mixing, and screening are necessarily very dusty, and at least a nuisance is created. A health 
hazard is also possible, dependent on the free silica content and total quantity of dust. A 
particle-size distribution test showed 76% to be under 5 #. Most asphalt plants have not sufficiently 
reduced the dust output, and many are subject to litigation. Requirements for dust collection 
include (1) use of all possible means for collecting small particles, such as inertial separation, 
impingement, centrifugal separators, filters, Venturi scrubbers, and especially mist eliminators ; 
(2) use of a surface-active agent to wet the particles; (3) reduction of the temperature and 
velocity of the gases escaping. Adequate water supply is always a problem. Complete dust 
control must be an integral part of the operation of black-top plants. 


Inpust. Dicest. 


ELECTROSTATIC PRECIPITATION AS APPLIED TO THE CLEANING OF GRAY IRON CuPOLA GASES. 
R. F. O'Mara and C. R. Fropin, Air Repair 3:105-108 (Nov.) 1953. 


Experiments with collection of dust from a gray iron foundry cupola showed that cloth 
filters or electrostatic precipitators were indicated for removal of the fine material. The chemical 
and physical characteristics of the dust are tabulated. The experiments leading to the successful 
application of dry electrostatic precipitation are described. The effects of temperature and of 


resistivity of the fly ash are discussed. Inpust. Hyc. Dicest 


MAINTENANCE OF Exnaust Systems. J. G. Liskow, Indust. & Power 65:83-85 (Oct.) 1953. 


The original design of an exhaust system strongly influences the amount and type of main- 
tenance required. Original design takes into account such factors as the characteristics of the 
material to be handled (sticky, abrasive, toxic, oily), and these characteristics determine the 
type of hood or enclosure required for the system. Future requirements also enter into proper 
design. When expansion is required and has not been considered in the original design, it is 
better to install a separate main than to risk overloading the system. Clean-out provisions are 
necessary. Suggestions are given for providing clean-outs and for keeping the ducts clean. A data 
sheet should be prepared for the maintenance department and should provide the following basic 
information: (1) location of the system; (2) operating data, and (3) system characteristics. 
Check points should be plainly marked and pressure readings should be taken regularly at those 


points. A typical form for a check sheet is illustrated. Iupust. Hyro, Droser 


VENTILATION OF GARAGES, FACTORIES AND WAREHOUSES FOR PRopUCcTS OF COMBUSTION OF 
GASOLINE ENGINES. MILTON SHEINBAUM, Month. Rev. New York State Dept. of Labor 
32:37-40 (Oct.) 1953. 


The possibility of carbon monoxide poisoning exists whenever gasoline-powered engines are 
operated within an enclosure. Concentrations of carbon monoxide may be maintained below the 
maximum allowable concentration by means of either general or local exhaust ventilation 
supplementing general natural ventilation. 

General ventilation finds application in situations in which the engine is physically in motion 
while local exhaust ventilation may be applied to stationary engines. General ventilating systems 
are usually of simple design. They evacuate contaminated air from areas of high concentration. 
It is necessary to provide fresh make-up air to replace the evacuated air. 

Local exhaust systems are frequently more complicated in design than general exhaust 
systems. Ventilation control rates depend on the physical conditions existing at the point of 
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control. Local exhaust systems must be individually designed for each situation. In all cases, 
there is considerable saving in the air quantities used over those used by general ventilating 


systems. 
y From THE AUTHOR'S SUMMARY 


Fitters AND CLotH ArtTHUR C. STERN, Month. Rev. New York State Dept. of 
Labor 32:41-48 (Nov.) 1953. ; 


This article is a discussion of dust and fume removal from air and gases by flow through 
a porous medium. For particulate removal, in many industries, filtration may be the method 
of choice. The author describes several types and installations of filters, new filter materials 
with their heat- and acid-resistant properties, methods for cleaning filters, and limitations of 
temperature, efficiency, and flow rate. He discusses the various factors to be considered when 
comparing filtration with other methods of particulate removal. 


I, L. Beaucnamp, Boston. 


VENTILATION OF BurILpINGs Usep ror INpuUsTRIAL Processes Givinc Rise to Noxious 
oR UnpLeEASANT Dust AND FUMES AND THE PREVENTION OF ATMOSPHERIC POLLUTION 
BY Sucu Dust anp Fumes. J. W. Batey, J. Roy. San. Inst. 73:623-632, 1953. 


This paper attempts to show, directly and by implication, that serious dust and fume nuisances 
are still problems which in specific cases of steelmaking and steelsmelting await a really satis- 
factory solution, which is also an economic proposition. Particular attention is drawn to the 
increased nuisance caused by oxygen enrichment. In such cases the author suggests that the 
basic design of the buildings is a stumbling block not easily overcome. An original building 
layout is given. 

The article illustrates how some firms have tackled the problems involved and suggests 
where there is scope for further investigation and research in furnace design and in fume 
and dust analysis. 

By way of contrast it states that many small dust nuisances, for which the cures are fairly 
well known, are not dealt with efficiently. The broad scientific approach to this problem is 
outlined. 

Finally, it calls attention to the dispersion aspects of pollutants which are becoming of 
increasing importance and suggests that recent scientific investigations carried out primarily 
for marine application may be adaptable to land practice. 


Perer C. G. Isaac, Neweastle-upon-Tyne, England. 


New IMPROVEMENTS TO THE Borsart OvuTFIT FOR THE REMOVAL OF Dust IN PNEUMATIC 
Drititinc. G. Nuovi PaNncuert, Rass. med. indust, 22:28-33 (Jan.-Feb.) 1953. 


The author has described the Borsari outfit and given evidence of its efficiency in a previous 
paper (Bull. Hyg. 26:780, 1951). Various modifications have now been made which have more 
than halved the weight of the apparatus and reduced its bulk. Details are given and illustrated. 
Generally speaking, the improved outfit is more suitable for work with the harder rocks which 
produce a smaller volume of dust; it has advantages when drilling has to be carried out in a 
very restricted space. 

Figures of dust analysis and other test data are given in evidence of the efficiency of the 


improved outfit. J. Cavent Hye.]. 


Accidents and Their Prevention; Protective Equipment 


PROPERTIES AND Essentiat INFORMATION FOR SAFE HANDLING AND Use or VINYL 
CuLoripe. Chemical Safety Data Sheet SD-56, Manufacturing Chemists’ Association, 
Washington, D. C., 1954. 


Vinyl chloride is a highly volatile, extremely flammable compressed gas which is ordinarily 
handled in liquified form under pressure. It has a mild anesthetic action in concentrations above 
500 ppm, and its vapors are irritating to the eyes. 
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Precautions necessary in handling the material are detailed in the body of the Safety Data 
Sheet. Key points to consider for safe handling include : 

1. Keep away from heat, sparks, and open flame. 

2. Provide adequate ventilation. 

3. Ground equipment and containers before discharging to reduce danger of ignition from 
static sparks. 


4. In discharging, do not heat containers above 50 C. (122 F.). No heat should be applied to 
tank cars. 


5. All equipment should be of steel and have a designed working pressure of at least 100 to 
150 ¥. 

6. In the event accidental leaks and spills or whenever excessive vapor concentrations may be 
encountered, only personnel equipped with approved respiratory protection should be permitted in 
the contaminated area. 

7. Chemical safety goggles should be worn when discharging containers or tank cars or 
whenever there is danger of the liquid or saturated vapor coming in contact with the eyes. 

8. Waste disposal should be away from any source of ignition. Phenolic residues should be 
diluted before discharging to sewer. 

In case of fire, use carbon dioxide or dry chemical extinguishing equipment. In the event of 
contact with the liquid, remove contaminated clothing immediately. For eyes, flush immediately 
with large quantities of water for at least 15 minutes while medical attention is being sought. 


FROM THE SUMMARY. 


ASPHYXIATION IN STREET MANHOLEs. G. S. MICHAELSEN and W. E. Park, Pub. Health Rep. 
69:29 (Jan.) 1954. 


The death of a plumbing company employee in a water-main manhole in Minneapolis brought 
to the fore the danger of suffocation in an apparently innocuous manhole. The manhole in which 
the death occurred is located on a city street in a low, swampy area. 


For approximately two weeks preceding this death, some employee of the plumbing company 
had entered the manhole twice a day—in the morning to turn on the water and in the late after- 
noon to shut it off. The deceased workman had performed this service himself without any mis- 
hap on the days immediately preceding the accident. 


On the morning of June 10, another employee of the company had turned on the water and 
returned to the surface with no evidence of distress. At the end of the afternoon shift, the 
deceased entered the manhole and turned off the water. When he did not come up in the expected 
time, his partner looked down and called him. There was no reply. The inert body was removed 
in about 20 minutes. The workman failed to respond to oxygen and artificial respiration and 
was pronounced dead. The coroner's report attributed the cause of death to asphyxiation. This 
death, like two similar ones in another Minnesota town, seemed to be due to oxygen depletion in 
the manhole. Several days later air samples were taken from the manhole, and tests were made 
by lowering mice into the sampled air. Other studies included checking of the barometric con- 
ditions, blowing with fresh air, examination of soil samples, and displacing air with nitrogen. 
This series of experiments emphasized the dangerous conditions that might be found in man- 
holes with respect to oxygen depletion and the necessity for caution and adequate ventilation 
before entering or working in such places. No manhole should be considered safe until it has 
in some way been demonstrated to contain sufficient oxygen or has by some mechanical means 
been freshly blown out with fresh air. 


Changes in barometric pressure seem relatively minor factors in altering the oxygen content 
of air in manholes, but the presence of organic matter and other extraneous materials which 
have a chemical oxygen demand is a factor of major importance. 

Four specific conclusions were reached: Manholes, particularly those in low or swampy areas, 
are potentially dangerous in respect to oxygen depletion. There may be substances in the sub- 
soil other than vegetable matter which may increase the chemical oxygen demand. There is 
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free and rapid diffusion of gasses through the walls and floors of manholes. The flow of air 
through the manhole cover openings is not always effective in maintaining the air within the 
manhole in equilibrium with the outside air. The effect of such factors as change in season, 
frost, rainfall, traffic load, and variations in type of street surfaces might also bear investigation. 


Stupies oN Burns: RELATION OF 4ND INTENSITY OF APPLIED THERMAL 
ENERGY TO THE SEVERITY OF Burns. J. B. Perkins, H. kK. Pearse, and H. D. KInGsiey, 
Report UR-217, University of Rochester Atomic Energy Project, Dec., 1952. 


The physical, biological, histological, and statistical methods used to produce and to evaluate 
radiant-energy burns are discussed. The influence of variations in the time and intensity of 
applied radiant energy on severity were studied in a series of 1,684 burns in the pig. In general, 
an inverse relation exists between the time and the intensity of applied radiant energy in the 
production of cutaneous burns, although exact reciprocity fails. With increased exposure time, 
an increased amount of energy is required to cause a similar degree of surface damage. This 
relation also exists for burns evaluated microscopically except for “deep dermal” burns where 
the reverse is true. Variations in the pathological picture are described and discussed. The 
demarcation between damaged and undamaged tissue is more abrupt with short than with 
long exposure times. A limited number of burns on human volunteers were studied. The 
amount of energy required to produce an erythematous burn in the pig is approximately equal 
to that causing a first-degree burn in man. At a higher critical energy level the same relation 
exists for patchy coagulation in the pig and a second-degree burn in man. A mathematical 
analysis based on semi-infinite opaque solid theory is appended. This offers possible explanations 


for the experimental re 
or the experimental results. NucLEAR Scr. ABST. 


PROCEEDINGS OF A ONE-Day CONFERENCE ON INDUSTRIAL ACCIDENT PREVENTION, Sept 30, 


1953. C. F. Bruce, H. F. Cuarp, R. R. Hype, and G. Barnett, British J. Indust. Safety 
2: 246-257, 1953. 


The most important contribution at this conference was made by C. F. Bruce (Messrs. Thos. 
Hedley & Co., Ltd.). The firm started a concerted scheme of safety training in 1951. In 1950 
there was an accident frequency of 3.37. In 1951 this frequency fell to 1.96; in 1952 it fell to 
0.59; and in 1953 it was running at 0.1. For every lost-time accident of today, there were 35 
accidents in 1950. The means to this success has been a monthly meeting held by the works’ 
manager, attended by all supervisors and managers. This meeting elects a safety committee of 
four, three members serving for three months and a new member being elected at each meeting. 
The works’ safety officer is a permanent member. One department of the plant is closely inspected 
each month and reported upon. All injuries during the month are investigated, and a safety topic 
is prepared for the next monthly meeting. Each newcomer, after being selected for his work, 


is taught that the safe way is the only way to work, and he is introduced to the “Departmental 
Safe Practices.” 


H. F. Chard held that eye injuries are more incapacitating than any other injury of compar- 
able severity. In industry they result mostly from foreign particles thrown off by grinding 
wheel or chisel. They can be prevented by goggles and screens properly placed. Goggles should 
be inspected, and each man should have his own. A first-aid staff needs training in how to 


remove such particles and in how to treat splashes from acid or alkali. A one-eyed man should 
guard his good eye. 


R. R. Hyde traced the development of accident prevention. Great Britain has more restrictive 
laws and working rules than the United States; yet in some factories in the United States 
accidents are fewer than in Britain. The individual worker controls the situation; unless he is 
safety-minded, no rules will prevent accidents. Risks must exist, and workers have to run them. 
Instruction in accident avoidance is as important as instruction in how to work. 


G. Barnett, when summing up, stressed again the human factor, whether in managerial 
responsibility or in operatives’ carelessness. Safety can be taught and must be taught; it is not 
innate. Much sti mains done. 

ate. Much still remains to be done E. L. Cotiis [Butr. Hye.]. 
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Legal Medicine 


EvaLuatTiInG Mepicac Testimony. T. Hieronymus, J. Oklahoma M. A. 46:271 (Oct.) 1953. 


Judge T. Hieronymus emphasizes the importance of expert testimony by physicians to the 
administration of the Workman’s Compensation Law, pointing out that the Trial Commissioner 
must depend solely upon expert testimony to know the nature, extent, and permanence of the 
disability resulting from accidental personal injuries received in industry and the manner and 
extent to which the disability affects the injured workman's ability to work. 

There is no mathematical formula to be followed in arriving at the percentage of disability 
an injured workman might have, and it is up to physicians as experts to rate the percentage of 
disability that the injury has had on the injured workman's ability to perform ordinary manual 
labor. A medical expert, in expressing an opinion, either in report form or in testimony before 
a Trial Commissioner, should take into consideration the history given him by the claimant, 
the x-ray records, and the medical examination in general, including all objective and subjective 
findings. He should give his opinion, not only as to the state of the claimant's present condition 
but also as to the cause or effect of an injury or disease, as to whether pain is real or simulated, 
whether the injury is recent or of long standing, and whether or not it is the result of the 
accident complained of by the claimant. 

Commissioners find it difficult to understand why there should be such a wide divergence in 
the opinions of physicans as to the rating of disability. There might be a reasonable difference, 
but in numerous cases the claimant's physician will estimate total or a high percentage of dis- 
ability, while the respondent’s physician will find a very low percentage or no disability. 
Obviously, one or the other is not being honest, and when it is found that the same physicians 
are repeatedly making such reports, it becomes increasingly difficult to lend credence to any of 
their reports or testimony. In some instances it becomes necessary to appoint an impartial 
medical examiner to evaluate the case. 


Radioactive Substances and X-Ray 


INVESTIGATION OF RapiuM DeEposITION IN HUMAN SKELETON BY GROSS AND DETAILED 
AvutorapioGraPpnHy. W. B. Looney and Lots A. Wooprurr, A. M. A. Arch. Path. 
56:1-12 (July) 1953. 


The authors investigated by means of autoradiographs the deposition of radium in the bones 
of three persons who died as a result of ingestion of this substance. 

Case 1.—A 48-year-old woman who died from a fibrosarcoma of the foot. She had been 
given radium chloride solution for a condition diagnosed as migratory arthritis 22 years before 
her death. 

Case 2.—A 51-year-old woman who had a reconstruction operation on the head of the femur 
for aseptic necrosis; 17 years prior to this she had been given intravenous injections of radium 
chloride for mental depression. 

Cast 3.—A 48-year-old woman who had been a luminous-dial painter from 1921 to 1927 and 
who died in 1951. She had multiple fractures of the femora, osteomyelitis of the mandible, and 
other complications attributable to radium poisoning. 

Cases 1 and 2 illustrate the tragedy of unlicensed and unwarrantable therapy. There was 
never any justification for putting radium into solution and getting people to drink it or sub- 
jecting them to injections of such a poison. 

The authors describe in detail the technique in the preparation of specimens suitable for 
autoradiography and the several illustrations in the article should be of great interest to histo- 
pathologists and others concerned with the distribution of radium when ingested. 


S. Russ Hye.]. 
MetTHop FOR THE DETECTION OF ENRICHED URANIUM IN HUMAN Urine. R. Z. Bouton, 
Knolls Atomic Power Laboratory, Pamphlet KAPL-667 (Rev.), July 21, 1953. 


An analytical procedure is described for the determination of enriched U in human urine. 
The method is essentially an ether extraction in which the inorganic residue remaining from a 
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24-hour urine specimen is dissolved in Al(NOs) solution, extracted into diethyl ether, and 


finally deposited on a counting planchet. The U recovery with the analytical method proposed 
i + 10% 
is 86 = 10%. Sc. Asst. 


MEASURING 


BreatH Rapon spy CHARCOAL Absorption. J. B. Hursu, Atomic Energy 


Commission Publication UR-258, Atomic Energy Project, University of Rochester, May, 
1953. 


A method of measuring breath radon by adsorption on charcoal cartridges is described. 
The charcoal is later heated, and the radon driven off is measured. 
an artificial lung demonstrate satisfactory recoveries. A limited 
ments provided consistent results. 


Tests performed with 
number of field measure- 
The principal advantage of the method is believed to be 
the greater reproductibility which can be otained in the 


sample-collection process. An 
estimation is made of the necessary time lapse between the worker's departure from the 
plant atmosphere and the taking of a breath sample. 


Avutuor’s SUMMARY [NucLeEAR Scr. Apst.]. 


DESIGN FOR A NEOPRENE GLOVE FoR Use in Dry Boxes. Ropert H. Witson, Atomic 
Energy Project, University of Rochester, Document UR-265, July 28, 1953 


When currently available gloves of pure gum rubber proved unsuitable for use in dry boxes 
because of adsorption of radon, lack of inherent strength, and lack of resistance to chemicals, it 
was decided to undertake the construction of a special neoprene glove which would meet specifi- 
cations. Such a glove has now been produced of a specially compounded low-porosity lattice. 
The lower elasticity of neoprene, as compared with pure gum, has been compensated by use 
of an unusually thin film, ranging from 0.006 to 0.014 in., which yields a high degree of feel. 
The glove is available in medium and large sizes, 39 to 40 in. (99 to 101 em.) long, and is 
designed to fit a 9 in. (23 cm.) port at this length. 


Both sizes have a neutral thumb, in order 
to fit either hand comfortably. 


Sc. Apst. 


STUDIES ON THE PATHOGENESIS OF DEATH DvrE 


ro X-Ray Exposure: 


I. ABNORMALITIES 
OF THE EPINEPHRINE AND NOREPINEPHRINE RESPONSES OF 


Carotip ARTERIES OF 
Fastinc Docs RecetvinGc 250 KVP Exposures or 250 550 rk. W. B. Mason, S. 
Avpert, and D. J. Smiru, Report UR-278, University of Rochester Atomic Energy Project, 
Sept., 1953. 


Carotid arteries from fasting dogs receiving 25) kvp x-ray exposures of 250 and 550 r 
responded differently to stimulation with epinephrine and norepinephrine than did arteries from 


nonirradiated fasting dogs. This difference was demonstrated by angioplethysmokymography. 


In the 550 r group, the arteries from one dog were completely unreactive, while the arteries from 
two other dogs contained both reactive and unreactive segments. 


Histological examination of 
the reactive and unreactive segments from the latter animals showed differences suggestive of 


muscle cell degeneration in the unreactive segments. In both the 250 and the 550 r group, the 


reaction time of carotid segments following stimulation by standard amounts of epinephrine and 
norepinephrine was shorter than that of segments from nonirradiated animals. 
lengthens the reaction time to epinephrine and norepinephrine. 
vations is discussed. 


Fasting per se 


The significance of these obser- 


Nuccear Ser Apst. 


Piping RaproLtocicaL LABORATORIES. W. 


N. McInrosu, Heat., Pip. & Air Cond, 25:73 
(Oct.) 1953. 


This paper describes the numerous independent piping systems required in a modern 
laboratory. The author outlines the various considerations which influence design. Topics 
include piping arrangement, pipe sizes and materials, types of services, waste disposal, and 
testing and cleaning. 


Special provisions for radiological protection of maintenance and repair men are stressed. 


A. T. Rossano Jr., Boston. 
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HANDLING EQuIPMENT AND SAFETY CONTAINERS FOR Use witu Isotopek GAMMA-Ray 
SOURCES FOR INDUSTRIAL RapioGrapHy. D. R. Aven, H. S. Petser, and J. R. 
Brit. J. Appl. Phys. 4:268-273 (Sept.) 1953. 


The safe use of active 7 sources for roentgenography in nondestructive testing laboratories 
requires efficient containing and handling equipment The design and construction of a complete 
set of such tools are described. 


These comprise (a) source adaptor, plug, and container, with 
trolley for safe storage; (b) source-transfer equipment, adjustable rods, stands with quick-release 
clamps, and spider supports for remote handling, and (c) special sighting cones and jigs, 
used prior to positioning the source for exposure, to avoid unnecessary handling. 


Sc. Asst. 


AUTORADIOGRAPHY OF ATMOSPHERIC AEROSOLS. E. MORASCHINELLI, Nuovo cim. 9:1341- 
1342 (Sept. 1) 1953. 


The hypothesis is sometimes presented that the successive elements of the U-Ra and Th 
series found in aerosols in the atmosphere are in respective radioactive equilibria. In order to 
test this supposition, a thin layer of atmospheric solid particles was deposited electrostatically 
on Ilford El emulsion, and the resulting @ tracks in the emulsion were identified by length 
measurements. The presence of ThC’ (Po*!*), RaC’ (Po*!*), RaA (Po?!*), and ThC (Bi?!) 
a particles was observed, but evidence for the equilibrium of the RaA — RaB — RaC — RaC’ 
— RaD series is considered doubtful. The process of attachment of the radioactive species to 
the aerosol may be too time-dependent to permit equilibrium to be established. 


NvucLear Sc. Asst. 
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ANNOUNCEMENTS 
Austrian Society for Occupational Medicine 


An Austrian Society for Occupational Medicine (Oesterreichische Gesellschaft fur Arbeits- 
medizin) was founded in Vienna on April 4, 1954. At the first meeting many physicians and 
engineers, delegates of employers’ and workers’ organizations, and representatives of social 
insurance organizations were present. Dr. Khaum, chief of the Health Department of the 
Austrian State, was elected honorary president; Prof. R. Bieling, professor of hygiene at the 
University of Vienna, president, and Dr. Christian Frieberger, secretary. 


Reorganization of Bureau of State Services, Public Health Service, Department of 
Health, Education, and Welfare 


Since the creation of the Bureau of State Services, Dec. 30, 1943, additional responsibilties 
have been added which resulted in an increase in the number of operating divisions from 3 to 
the present 16. From time to time adjustments have been made in the organization to keep it 
constantly sensitive and more responsive to changing public health needs and to reduce adminis- 
trative costs. The needs of the Bureau have changed over the past 10 years. Public health in 
this country is in a period of transition, confronted by many new public health problems resulting 
from a growing and a mobile population, a remarkable increase in life expectancy, and an increas- 
ingly complex and expanding industrial economy. 

During the past year the Bureau of State Services conducted a study of its organization and 
programs. Subsequently, a plan was submitted to the Surgeon General for reorganization of 
the Bureau's activities. The Secretary of the Department of Health, Education, and Welfare 
approved a reorganization plan for the Bureau, as recommended by the Surgeon General, to 
become effective April 5, 1954. The new organization of the Bureau of State Services created 
six divisions, three of which are new. Listed below are the three new divisions and the activities 
for which they have responsibility. 

Division of General Health Services Division of Special Health Services 

State Grants Chronic Disease and Tuberculosis 
Public Health Nursing 
Public Health Education 


Venereal Disease Control 
Occupational Health 
National Office of Vital Statistics 

Arctic Health Research Center 


Division of Sanitary Engineering Services 
Water Pollution Control 
Sanitation 
Engineering Resources 


Sanitary Engineering Center 


The grouping of these activities in three new divisions has brought together a variety of 
professional skills and related program functions which will facilitate a more comprehensive and 
unified attack on our basic public health problems. 


The remaining three divisions—the Communicable Disease Center, the Division of Inter- 
national Health, and the Division of Dental Public Health—will retain their present titles and 
responsibilities. 
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The Division of Administrative Management has been abolished, and its functions have been 
placed in the Office of the Bureau Chief, under the general direction of the Bureau’s Executive 
Officer. 

The Bureau Chief's immediate staff has been reduced from six to four, consisting of a Deputy 
Bureau Chief, an Associate Chief for Program, an Executive Officer, and an Information Officer. 


On April 5, 1954, the effective date of the reorganization, the programs and activities of the 
former divisions were transferred intact to the three newly created divisions. Since this was the 
first major reorganization of the Bureau of State Services since December, 1943, establishment 
of objectives and necessary adjustments in administration to implement these objectives were 
made with full participation of the Bureau Chief, division and program chiefs, and regional 
medical directors. 


The following description of the Bureau of State Services is from the Manual of Organization 
and Functions of the Public Health Service. 

A. Purpose —The Bureau of State Services created by Congress in the Public Health 
Service Act (Public Law 410, 78th Congress) shall be the principal operating bureau of the 
Public Health Service for Federal-State and interstate public health programs and for inter- 
national health activities. 

B. Operating Relationships —The Bureau shall be under the direction of an Assistant Surgeon 
General as Chief, who shall be responsible directly to the Surgeon General. The Bureau shall 
maintain operating relationships with the Office of the Surgeon General, with the Office of 
the Secretary, and with other components of the Department of Health, Education, and Welfare 
concerned with Federal-State relations, with health programs and services, and with international 
health activities. The Bureau shall coordinate programs involving Federal-State relationships 
and shall be responsible, within the administrative framework of the Department’s regional 
offices, through the Regional Medical Director assigned to such offices, for the operation of the 
regional organization of the Public Health Service. The Bureau shall maintain operating and 
working relationships with the Department of State, with Federal and other agencies engaged 
in foreign assistance programs, and with international organizations in the health field. The 
Bureau also shall maintain operating relationships with the National Institutes of Health and 
the Bureau of Medical Services with respect to the development of policies, planning, and the 
exchange of program and operational knowledge, with State, interstate, and local health agencies, 
with professional societies and voluntary health agencies, with institutions of higher education 


in the fields of health and medicine and allied professions, and with national civic, industrial, 
labor, and business associations, 


C. Bureau lunctions—Under the direction of the Bureau Chief, with such staff assistance 
as may be required, the Bureau shall be responsible for : 

Assisting the States and their political subdivisions in establishing and maintaining effective 
programs for the prevention, treatment, and control of disease and for the maintenance of health. 

Supervising Public Health Service regional organization and coordinating Public Health 
Service Federal-State activities. 

Formulating, developing, and conducting such research, demonstrations, and training activities 
as may be necessary and proper in carrying out the Bureau’s responsibilities. 

Developing comprehensive programs to eliminate or reduce pollution of the nation’s waters, 
encouraging cooperation among the States for the prevention and abatement of water pollution, 
enforcing the abatement of pollution of interstate waters, and conducting and supporting technical 
research to devise and perfect methods for treatment of wastes. 

Enforcing interstate quarantine regulations and cooperating with and aiding State and local 
health authorities in the enforcement of their quarantine and other health regulations. 

Securing uniformity in the registration and reporting of mortality, morbidity, and vital 
statistics and making available accurate and timely national vital and health statistics. 

Providing over-all program and policy direction to Public Health Service activities in the 
international health field and in the planning, negotiation, and administration of Service responsi- 


446 


NEWS AND COMMENT 


bilities for international health services, including training conducted in cooperation with the 


Department of State, other Federal agencies engaged in foreign assistance programs, and inter- 
national organizations. 


The following appointments have been made to the positions listed below, as provided in the 
Bureau of State Services Reorganization : 
Communicables Disease Center 

Medical Officer in Charge . Theodore J. Bauer * 

Deputy Officer in Charge . Vernon B. Link £ 
Division of Dental Public Health 

Chief r. Thomas L. Hagan * 

Assistant Chief . Donald J. Galagan f£ 
Division of General Health Services 

Chief . Jack C, Haldeman 

Assistant Chief . Aaron W., Christensen 
Division of International Health 

Chief . H. Van Zile Hyde * 

Assistant Chief . Emil E. Palmquist ¢ 
Division of Sanitary Engineering Services 

Chief . Mark D. Hollis 

Assistant Chief . Wesley E. Gilbertson 
Division of Special Health Services 

Chief . Seward E. Miller 

Assistant Chief . Robert J. Anderson 
Deputy Bureau Chief 
Associate Chief for Program Dr. Justin M. Andrews 
Executive Officer Mr. Richard W. Bunch 


Information Officer Mr. Frank Acosta Jr. 


Bureau Chief Otis L. Anderson * 
* Officer served as Chief of same Division in former organization. 


t Officer served as Assistant Chief of same Division in former organization. 
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Disability Evaluation. By Earl D. McBride, M.D. Price, $15. Fifth edition. Pp. 715, 
with 375 illustrations. J. B. Lippincott Company, 227 So. Sixth St., Philadelphia 5, 1953. 


This 700-page text contains much valuable information for those concerned with the treat- 
ment of industrial accidents and with industrial medicine. With the broadening concept of the 
physician's responsibility to the community and society in general, particularly as it pertains 
to medical rehabilitation and return of the patient to gainful employment, this book provides 
valuable information. For those physicians and surgeons presenting evidence in cases appearing 
before Industrial Accident Commissions and in actual court litigation, it represents an authorita- 
tive text. 

One may take issue with the author's statement in his preface, “The author is of the opinion 
that the evaluation of disability has as definite a place in the field of medical science as any other 
subject.” But when one reads the text, there is adequate evidence that if reduction of perma- 
nently disabled parts of the body and functional testing can be reduced to formularization 
through arithmetical equation the author deserves much credit. The mass of material and the 
many tabulations represent long hours of real labor on the part of the author. The chapters 
on standardizing medical evaluation and the procedure of analysis in evaluating disability provide 
the reader with valuable basic information. The other detailed chapters on the examination 
and functional testing and classification of disability are complete. 


AuGustus THORNDIKE, M.D., Boston. 


A Glossary of Terms in Nuclear Science and Technology. Price, $7.00. Pp. 250 
(approx.). American Society of Mechanical Engineers, 29 W. 39th St., New York 18, 1953. 


This glossary is the result of the combined efforts of representatives from several national 
societies and governmental agencies in the field of nuclear technology. At the present time it 
represents a proposed American Standard, with the intent that in revised form, after critical 
review by all interested. parties, this preliminary edition may become that standard. 

The glossary is divided into nine sections: Physics (formerly General Terms, 62 pages) ; 
Reactor Theory (12 pages); Reactor Engineering (20 pages); Chemistry (28 pages) ; Chemical 
Engineering (8 pages); Biophysics and Radiobiology (23 pages); Instrumentation (15 pages) ; 
Isotopes Separation (7 pages), and Metallurgy (10 pages). 

Many of the terms in the chemical engineering and metallurgy sections are primarily 
applicable to the basic field and will acquaint the nuclear scientist with them. 

It is hoped that when the final standard is promulgated it will not be sectionalized as it is 
in the present form. In the reviewer's opinion the fact that the various terms originate in any 
one specific field can be indicated immediately after the term, much as in standard dictionary 
practice. Some definitions could be improved, such as that for “daughter—a synonym for 
decay product.” This could easily be amplified, such as “daughter—a synonym for a radioactive 


or stable decay product.” 
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relief from 
wide varie 
seasonal 


allergies 


BENADRYL Hydrochloride ® 
(diphenhydramine hydro- B E NADRYL 
chloride, Parke-Davis) 

is available in a variety of forms 

— including Kapseals,” 50 mg. 

each; Capsules, 25 mg. each; Patients troubled by lacrimation, nasal discharge, 
Elixir, 10 mg. per teaspoonful; and sneezing respond to BENADRYL and 


and Steri-Vials," 10 mg. per ce. enjoy symptom-free days and restful nights. 
for parenteral therapy. 
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MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: C] WITHOUT LOSS OF WORK 

UNDER MEDICAL SUPERVI- TIME 
— () AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


RESULTS COUNT! ...In Superficial Fungous 
Infections especially DE RMATOMYCOSIS PEDIS 


“= 


eS: Ointment and powder of ZINCUNDECATE 
Corete Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


.. . interesting information 
for your patients 


... reinforcements for your 
own verbal instructions 


The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any 
subject . . . such as these three 

articles on old age: 


HOPE FOR THE AGED 
commercials — no sales chatter Brussel 
but a wealth of informative data that should prove PP. 


invaluable to you and your company throughout THE PROMISE OF GERIATRICS 
the future. T. C. Desmond 


LIGHTFOOT SCHULTZ COMPANY '! STILL LOOKING AHEAD 


380 MADISON AVE. NEW YORK 17, N. Y. 28 pp. 1S¢ 
Send your free Question and Answer Soap Data 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


1 You may obtain a catalogue by writing to: 


State 
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BUYING 


Vaseline 


TRADE-MARK® 


always sterile, 
always ready for 
“1001” surgical uses... 


Outstandingly successful for burns and abrasions, these 
sterile-packed, ready-made dressings have countless 
other uses in surgery. Particularly indicated for: 


WOUND COVERING, as for traumatic injuries and after 
surgery ...to protect from irritation and contamination, 
to avoid adherence. 


PACKING, as in abscess cavity...to permit healing from the 
bottom, to meet aseptic precautions. 

PLUG, as after hemorrhoidectomy ...to help control bleeding 
without sticking and subsequent tearing. 

DRAIN, as for septic wounds ...to avoid maceration, pressure 
necrosis and erosion. 


ROUGH MEG. ¢ 
NEW YORK 


NY. CONS D 


ONS on REVERSE sing 


Available in three sizes: 


No. 1—3” x 36” (6 in carton) 
No. 2—3” x 18” (12 in carton) 
No. 3—6” x 36” (6 in carton) 


Obtain from your regular source of supply . . . insist on the 
ready-to-use, dependably sterile dressings in the foil-envelopes. 


CHESEBROUGH MFG. CO., CONS’D 
Professional Products Division * NEW YORK 4, N. Y. 


VASELINE is the registered trade-mark of the 
Chesebrough Mfg. Co., Cons’d 


no fuss 
no mess 
no bother 
vaseline 
etro 
Gause Dressing "| | 
Sterile 
$i 
. 
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advantages of rapid absorption, 
wide nie in body tissues and fluids; Woret 
response and excellent toleration the 
extensive experience of shepsicins in successfully 
treating many common infections due to susceptible 


gram-positive and gram-negative bacteria, rickettsiae, 


spirochetes, certain large viruses and protozoa, have 


' Brand of oxytetracycline 


as a broad- spectrum antibiotic. of choice 


PFIZER LABORATORIES, Brooklyn 6, N.Y. 
Division, Chas. Pfizer & Co., Inc. 
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